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Dear Mr. Lipman:

Enclosed please find what | believe will be the final production to be made by
Mack Trucks, Inc. in response to paragraphs 7 and 11 of Plaintiff’s Request for

Production.
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organization changed and as employees changed jobs. Accordingly, Mack Trucks
cannot represent that these supplemental responses contained herein provide all
information requested; rather, these supplemental responses reflect information
obtained before this date by Mack Trucks pursuant to a reasonable and duly diligent
search and investigation in those areas where responsive information was expected
to be found. To the extent that the request purports to require more, Mack Trucks
objects on grounds that include that compliance with the request would impose an
undue burden and expense.

These supplemental responses are intended to be accurate to the best of Mack
Truck’s knowlédge and belief as of the time of the service of this supplemental
response. To the extent that the supplemental responses are not consistent with any
previous responses made in other cases, these supplemental responses are intended
to supersede such earlier responses. Mack Trucks reserves the right to supplement
these supplemental responses should it discover new information.

Some of the discovery requests ask for "all" documents that may pertain to a
subject. Mack Trucks objects to requests for any and all of something on grounds that
the requests Aare overly broad and unduly burdensome.

You have served Mack Trucks with discovery and yet you already may have
some pertinent information or documents, perhaps evén some information or
documents not received from Mack Trucks. Mack Trucks objects on the grounds that
it would be less burdensome, more convenient and less expensive for you to identify
what documents you already have that fall within the scope of these requests. This

would accomplish several purposes: (a) it would obviate Mack Trucks having to search



for and copy documents already in your possession; (b) it would enable Mack Trucks
to use the documents provided by you as guides in looking for related material; and
>(c) it would, if your purposes were to obtain authentication of particular documents,
enable Mack Trucks to authenticate the copies provided by you without having to
conduct an uninformed search for those documents in Mack Trucks' files.

Mack Trucks further objects to requests where the matter sought is neither
relevant to the subject matter involved in the pending action nor reasonably calculated
to lead to the discovery of admissible evidence.

Where Mack Trucks personnel have stored responsive documents, whether kept
together by folder, clip, staple, or otherwise, only the responsive document will be
produced.

Documents offered by Mack Trucks will be made availabie by providing marked
usable copies for review in the office of Mack Trucks' counsel.

The Plaintiff has sued Mack Trucks, Inc. individually as well as successor to
Brockway Inc. Mack Trucks is not a successor to Brockway, Inc. Rather, Brockway
Motor Trucks, a division of Mack Trucks is a successor to the Brockway Motor Trucks
Co. Brockway Motor Trucks, a division of Mack Trucks, Inc. ceased doing business in
1977. Accordingly, the responses herein pertain to Mack Trucks individually only.
Since Brockway Motor Trucks, a division of Mack Trucks ceased doing business in
1977, business records of that entity which are still available for inspection are stored
in Hagerstown, Maryland. it is unknown whether such records would reveal
information responsive to this request to produce. As the burden of deriving or

ascertaining the responses to this request to produce from a review of such records



is substantially the same for plaintiff as it is for Mack Trucks, Mack Trucks will make
these documents available for review by Plaintiff. In accord with the applicable rules
of civil procedure, Mack Trucks will provide assistance to the Plaintiff in locating and

identifying the records at the time of inspection.
DEFINITIONS

As used in Mack Trucks' objections to these requests:

(n “Lack of Bgl-gyangg" means that a request calls for information which is
not relevant to the subject matter of this action and is not reasonably calculated to
lead to the discovery of admissible evidence;

(ii) "Unduly Burdensome" means that it would be oppressive, time consuming
or expensive to require Mack to compile and furnish the information in light of the

degree of its relevance and materiality, if any;

(iii) "Qverly broad” means that such request is overly broad as to scope, time
or location;
(iv) "LLack of Particularity” means that a request does not state with

reasonable particularity the information to be furnished, is vague and ambiguous or
incomprehensible;

(v) "Improper Assumption” means that a request‘ assumes facts which are
not true or accurate;

(vi) "Improper Qpinion" means that a request improperly calls for an opinion,
conclusion, contention or inference;

(viiy  "Privileged" means a request calls for information protected by the



attorney/client privilege or the work-product doctrine or the rule protecting materials
prepared in anticipation of or in connection with litigation; and

(viii) "Premature" means that a request calls for an opinion or contention that
relates to fact or the application of law to fact and should not properly be required to
be responded to at this time.

These comments and objections are incorporated into each Mack supplemental
response set forth below as if they were set forth in their entirety as they apply to
each supplemental response. Supplemental responses made after objections are not
waivers of objections.

SUPPLEMENTAL RESPONSES

7. All sales brochures; promotional pamphlets; product manuals;
specification sheets; instructional materials; safety sheets; assembly maintenance,
handling and replacement instructions; circulated or utilized by the Defendant between
1970 through 1980 pertaining to asbestos containing: (1) brake products, including
but not limited to brake shoes and brake linings, brake pads, and brake assemblies, (2)
clutch products including but not limited to clutch or clutch facings, and (3) gaskets.

ESP E: Objections: lack of relevance; burden; overly broad; lack of
particularity; premature. Without waiving these objections, documents responsive to

this request are attached hereto. Diligent search continues for any additional

responsive documents.

11. All sales brochures; promotional pamphlets; product manuals;
specification sheets; instructional materials; safety sheets; assembly maintenance,
handling, and replacement instructions; circulated or utilized by the Defendant between
1970 through 1980 pertaining to asbestos containing: (1) brake products, brake pads,
and brake assemblies, (2) clutch products including but not limited to clutch or clutch
facings, and (3) gaskets, utilized in all engines and vehicles other than automobiles.



RESPONSE: Objections: lack of relevance; burden; overly broad; lack of
particularity; premature. Without waiving these objections, documents responsive to
this request are attached hereto. Diligent search continues for any additional

responsive documents.

Dated: Q//QZ /7 }”

Orlando, Plorida

MAGUIRE, VOORHIS & WELLS, P.A.
Two South Orange Plaza

2 South Orange Avenue

Post Office Box 633

Orlando, Florida 32802-0633

Phone: (407) 244-1100

Fax: (407) 423-8796

Attorneys for Defendant, MACK TRUCKS, INC.

TO: Michael A. Ponterio, Esq.
Lipsitz & Ponterio, LLC
135 Delaware Avenue
Suite 506
Buffalo, NY 14202-2410

David M. Lipman, Esq.
5901 S.W. 74 Street
Suite 304

Miami, FL 33143-5186

cC: All Counsel of Record
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1. Pedal Height 6. Locknut
2. Free Pedal 7. Compensating
3. Adjusting Cap- Port

screw 8. Piston Travel
4. Clevis Pin 9. Pushrod-Piston
5. Rod Clearance

Figure 13-28. Pedal Adjustment
Conventional Cab

System bleeding is. performed in the usual
way except that bleeder connection is made
at the stop light switch tee, located on the
pressure side of master cylinder.

1. Make certain that brake fluid reservoir
is filled to proper level. Fill if necessary.

2. Remove stop light switch from the tee
on pressure side of master cylinder. The
master cylinder is located on the firewall
inside vehicle cab, Take necessary pre-
cautions to protect cab floor mat from
damage by brake fluid.

3. Attach pressure ball line into the 1/8
inch female pipe thread where the stop light
switch was removed and open pressureball
valve,

NOTE

To satisfactorily bleed system, the
brake pedal must be fully depres-
sed after the pressure ball is at-
tached and valve opened. This
closes ports in master cylinder
and allows fluid to fill brake lines
instead of reservoir only.

4. After bleeding all brake lines, close
pressure ball valve and carefully release
brake pedal. Remove pressure ball.

5. Reinstall stop light switch.
Pedal adjustment, see Figure 13-29, is con-
trolled by stop bolt (1). Total travel of
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4. Pedal Stop Bolt
5. Master Cylinder
6. Boot

1. Stop Bolt
2. Return Spring
3. Pedal

Figure 13-29. Pedal Adjustment Tilt Cab

pedal (3) is nominally 8.5 inches, with
stroke limited by pedal stop bolt (4). Adjust
stop bolt (1) to provide 0.12 free pedal. At
all times ascertain that master cylinder
(5) has correct fluid level. Boot (6) is
moved upward for this inspection and add,
or reservoir fill, is at the piston push rod
opening. Spring (2) returns pedal to unap-
plied position.

Type F Brake

Disassembly and Assembly

1. Remove front wheels and drums.

2. Remove retraction springs and hold-
down ‘‘C’’ washers and lift shoes off the
backing plate. Do not lose the spring anti-
rattle washers, located under each shoe
web on the cam stud.

3. To remove wheel cylinders, remove
connector tube nuts, anchor bolts and moun-
ting screws. Mark connector tube ports on

0




g

each wheel cylinder to avoid errors at as-
sembly. If manifold tubing is installed in-
correctly, difficult bleeding may be exper-
ienced.

4, Check fit of concentric-ground linings
against the fresh drum surface.

NOTE

Every reline should have a fresh
drum surface. If drums donotre-
quire turning, the preferred meth-
od is to take a very light grind on
a lathe to remove old lining resi-
due and freshen the surface. The
surface can also be renewed by
dressing it with fine emery cloth
or steel wool. :

5, Make sure backing plate and wheel
cylinder bolts are tight. Remember that,
while upper and lower wheel cylinders are
the same, those for right-hand and left-
hand brakes have opposite castings and
must not be interchanged. The cylinder
bore must face in the direction of forward
rotation.

6. Install shoes, locating each retraction
spring so that its long shank is connected
into the heel of the shoe.

7. Install drums and wheels.

8. Check master cylinder for correct fluid
level. Add fluid if required.

Adjustment

1. Depress brake pedal several times to

" center the shoes in drums. See Figure

13-30.

2. As shown in Figure 13-30, place a
wrench on cam and shoe guide stud (1)
or (2) to adjust one shoe. Rotate wrench
in direction of FORWARD wheel rotation
to decrease lining-to-drum clearance. Re-
duce clearance until lining drags on drum.

3. Rotate wrench in opposite direction, to
increase clearance, until drag is relieved.
Then continue to back off approximately
1/8 turn for running clearance.

4, Place wrench on opposite cam and shoe
guide stud (1) or (2) to adjust second shoe.
Repeat steps 2 and 3.

FORWARD
ROTATION
OF ORUM

-~

Figure 13-30. Outboard and Inboard Views
of Left Front ‘“‘F’’ Brake

Type FR-2 Brake

Disassembly and Assembly

1. Remove rear wheels and drums. It may
be necessary to back off the adjustment star
wheels.

2. Remove retraction springs by sliding
looped ends off pins.

3. Remove hold-down lockwires, castel-:

lated nuts and plain washers, then lift off
shoes.

4. Remove shoe-heel anchor pins; they
should pull out of supports easily.

5. Remove star wheel lock springs by re-
moving the attaching screw from each
spring.

6. Thread each adjusting screw out from
the shoe side of its support. Lift star
wheels out of slots.

7. When removing wheel cylinders, mark
tube ports on wheel cylinders to avoid an
assembly error which might result in diffi-
cult bleeding operations.

8. Check fit of the newly lined concentric-
ground shoes against the fresh drum sur-
face.

NOTE

Every reline should have a fresh
drum surface. Ilfdrumsdidnotre-
quire turning, the preferred meth-
od is to take a very light grind on
a lathe to remove old lining residue
and freshen the surface. Thesur-
face can also be renewed by dres-
sing it with fine emery cloth or
steel wool.
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9. Make sure backing plate is tight on the
axle flange.

10. Insert star wheel in anchor support,
thread in adjusting screw and install star
wheel lock spring (each anchor support).

11. Install each wheel cylinder so that the
longer end, measured from hydraulic port
to end of cylinder, faces the shoe toe and
adjustment slot.

12. Install each shoe with its toe (identi-
fied by cut-away portion of web) positioned
next to adjusting screw and star wheel.
13. Install hold-down plain washer and
castellated nut at each shoe. Tighten each

nut fingertight, then back off 1/4 to 1/3
turn. :

14. Install retractor springs.
15. Install drums and wheels.

16. Check master c&linder for correct
fluid level. Add fluid if required.

Adjustment. See Figure 13-31

1. Remove adjustment slot covers.

2. Insert clicker wrench or screwdriver
into slot (1) or (2), see Figure 13-31, to
contact star wheel. Rotate wheel toward
axle to decreaseclearance untilliningdrags
on drum.

3. Rotate star wheel in the opposite direc-
tion until drag is relieved. Operate the
brake pedal several times to center the
shoes; then check adjustments. Provide
running clearance after drag is relieved,
by additionally backing off the adjustments
five notches for new lining or threenotches
for worn lining.

4. Repeat steps 2 and 3 on second shoe.
5. Replace adjustment slot covers.

Type FR Brake

Disassembly and Assembly

1. Remove rear wheels and drums. It may
be necessary to back off the brake adjust-
ment.

2. Remove retraction springs.

13-28

FORWARD
ROTATION

N

~

Figure 13-31. Outboardand Inboard Views
of Left Rear ‘“FR2’’ Brake .

3. Remove hold-down nut, lockwasher and
plain washer at each shoe and remove the
shoes.

4. On each shoe, rotate the adjusting worm
(forward rotation) until the adjusting screw
is threaded free of the worm wheel and
shoe. Pry out the worm retainer snap ring
to free the remaining parts; that is, the
thrust washers, sleeve, worm and worm
wheel.

5. To remove a wheelcylinder, disconnect
hydraulic tube nut and loosen anchor block
nuts. Mark tubing ports on wheelcylinders
to avoid an assembly error which might
cause difficult bleeding should the manifold
tubing be installed in the wrong ports.
Take care not to lose spring washers in-
stalled on the two locating lugs oneachcyl-
inder.

6. Check fit of the new concentric ground
lined shoes against the fresh drum surface.

NOTE

Every reline should have a fresh
drum surface. If drums did not
require turning, the preferred
method is to take a very light
grind on a lathe to remove old
lining residue and freshenthe sur-
face. The surface can also be re-
newed by dressing it with fine
emery cloth or steel wool.

7. Make sure each backing plate is tight on
the axle flange.

.8. If wheel cylinders were removed, make

sure that all parts are replaced in correct
locations. A spring washer should be in-
stalled on eachcylinder locating lug, against
the cylinder and between it and thecylinder
cover straps and anchor block. Each cyl-
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inder should be oriented so that the long
stroke side (greater length from inlet port
to end of casting) faces the adjustment slot
in the backing plate and the shoe toe. As-
semble the cylinder, cover, and anchor
block and mount these parts as a unit.

Torque anchor-block locknuts, as follows:

5/8x18..... 105 to 130 1b. ft.
3/4x16..... 175 to 220 lb. ft.

9. On each shoe, place adjuster worm in
its sleeve and install adjuster parts in the
shoe web, one thrust washer at each end of
the worm, retainer snap ring on the opposite
side of the web from the backing plate.
Start the adjuster screw into the worm
wheel and rotate the worm wheel (reverse
direction) to thread the screw into the shoe
web.

10. Install shoes so that adjusting worm
in shoe toe is accessible through adjust-
ment slot in backing plate. Install and
tighten hold-down bolts, washers, and nuts
and connect retraction springs.

11. Install drums and wheels. Lubricate
and adjust wheel bearings.

12. Check master cylinder for correct
fluid level. Add fluid if required.

Adjustment. See Figure 13-32

1. Remove adjustment slot covers.

2. Insert Allen wrench in adjustment slot
(1) or (2), see Figure 13-32, tocontact shoe
adjusting worm. Rotate wrenchinthedirec-
tion of forward wheel rotation until lining
drags on drum.

FORWARD
ROTATION ™
OF DRUM

Figure 13-32. Outboardand Inboard Views
of Left Rear ‘“FR’’ Brake

3. Rotate wrench in opposite direction, to
increase clearance, until drag is relieved.

Then rotate adjustment one additional turn
(two turns for new linings) to provide work-
ing clearance.

4. Repeat steps 2 and 3 onthe second shoe.
5. Replace adjustment slot covers.

WHEEL CYLINDERS

{ caution

To insure cleanliness, never ser-
vice wheel cylinders without re-
moving them from the vehicle.

Removal and Installation

1. Clean brake line connection thoroughly.

2. Disconnect brake line and install aclean
rubber or wooden plug in end of tubing.

3. Protect brake linings from brake fluid
and remove cylinder. If cylinderisscored,

replacement by a newcylinderis preferable |,

to honing the old one.

4. Reverse removal procedure to install
cylinder.

NOTE

Do not assemble cylinder parts
dry. Coat parts and inside of cyl-
inder bore with clean brake fluid
before assembly.

5. Bleed cylinder until 'a solid stream of
fluid, free of air bubbles, is obtained.

WEDGE ACTUATED BRAKES

As currently employed, these double-actu-
ated brakes are used in straight air or air
over hydraulic systems. Mountings are
either spider or backing plate, with air
chambers or hydraulic cylinders serving as
power units. Auxiliary spring brakes may
also be used in conjunction with these as-
semblies. The assembly shown in Figure
13-33 is a straight air, spider mounted unit,
with the auxliary spring brake sectioned.

Wedge actuated brakes differ from the con-
ventional type in that they do not utilize
slack adjusters and brake camshafts for ap-
plication of linings to brake drums. Air,or
hydraulic pressure, forces a wedge between
plungers, causing the plungers to spread
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9. Replace springs if cracked or defec-
tive. Check all springs on a spring tester.
Replace all that do not meet specifications.

3. Replace thrust washer if worn, bent
or defective.

4. Replace worn release levers, springs
and ball seats. Check levers with a straight-
edge and 11/16 inch ball (17-T-1126), see
Figure 5-3, and i bent so that dimension
(1) is more than 11/32 inch when measured
at a point where distance (2) is 2-1/2 inch,
replace the lever.

17=-T-1i26

1v-9834

Figure 5-3. Checking Release Lever
" for Bend

5. If pressure plate is scored, heatcheck-
ed, or warped more than 0.020 inch, it
must be replaced or refaced. Remove only
enough metal to obtain a smooth flat sur-
face. Finish with a light cut and polish
with emery cloth. When thickness (1) be-
comes less than the worn limit given in
specifications, the plate must be replaced.
Measure at outer spring pocket, see Fig-
ure 5-4. Measuring at inner pocket is not
accurate, if pressure plate is dished. I
cleft lugs are worn, cracked or distorted,
replace the plate. Replace eyebolts if
they are distorted, have worn threads or
keyways.

MEASURE AT QUTER POCKET,
MEASURING AT INNER POCKET
1S INACCURATE (F PLATE IS DISHED.

Figure 5-4. Pressure Plate Thickness
Dimension

6. If flywheel is warped or heat checked
and surface is refinished, maintain the
1.594 inch dimension between disc sur-
face and bolting face for proper release

lever adjustment. See Figure 5-5. No
more than .070 inch maximum may be
removed by grinding.

Figure 5-5. Flywheel Rubbing Surface-to-
Clutch Cover Bolting Surface Dimension

7. Inspect driven disc assembly for
cracks, loose rivets, worn splines, warped
or dished condition. If cracked, or hub
splines are worn excessively, replace disc
assembly. If facings are worn down nearly
even with countersunkfacing-retaining rivet
heads and provided assembly is in other-
wise good condition, it may be rebuilt.

8. Pilot bearing shouldbe removed, clean-
ed and checked each time clutch or engine
is removed. Discard bearing if balls or
races are chipped or scored. After inspec-
tion, hand-pack bearing with recommended
clutch pilot bearing grease and install bear-
ing in flywheel. Tapintoplace with shielded
side toward clutch and snap ring seated in
counterbore.

NOTE

Old bearings without a snap ring
cannot be used in new through-
bored flywheels.

After bearing is properly installed, pack
the cavity in back of the bearing with re-
commended clutch pilot grease.

NOTE

To prevent damage to the bearing
seal when the transmission is as-
sembled to the engine, the space
occupied by the maindriving pinion
pilot must notbefilled with grease.
See Figure 5-6.

All current Mack-made engine flywheels
have been manufactured by boring the clutch
pilot bearing hole straight-through and
counterboring a recess to provide proper
positioning for the snapringtype pilot bear-
ings now in use.



CRANKSHAFT

CLUTCH PHLOT BALL BEARING
{SNAP-RING TYPE) WITH
BUILT-IN GREASE SEAL

HAND-PACK CAVITY
EXACTLY AS SHOWN
AFTER BALL BEARING
iMSTALLATION. CENTRAL
AREA MUST BE CLEAR
OF GREASE

BEARING SNAP-RING
COUNTERBORE

N
!— 27-up

Figure 5-6. Cut-away View of Clutch Pilot
Bearing Grease Reservoir Correctly
Packed

|  CAUTION ;

Do not install a new snap ring
bearing in an old flywheel without
removing the snap ring and dis-
carding. In old flywheels without
the counterbore, the snap ring
would position the bearing too far
rearward, which would result in
early bearing failure and consid-
erable damage to cosudy compon-
ents. Use only the recommended
snap ring type bearings specified.
These bearings will function with-
out premature failure where slight
misalignment exists between en-
gine and transmission.

Before assembling the clutch, a positive
wear check should be made to insure that
it will provide maximum disc wear. This
check will uncover any wear conditions
that might prevent full release lever travel
and allow corrections to be made befare
the clutch is assembled.

Place the pressure plate assemblyandcov-
er (without springs) into position as shown
in Figure 5-7, making sure that shims of
the correct thickness (.200) are inserted
between cover and spacer (17-T-1763). In-
stall each release lever and while pressing
firmly on the fulcrum. measure distance
(1) inboard end of lever is above cover.

3-h

PRESS FIRMLY

SHIuS
(6 PLACES}

» i o/
SURFACE nne/ |7.1’.x7u—/ e

Figure 5-7. Wear Check’

Correct height for the CL-28 Series, 3-9/32
inches, for the CL-40 Series, 3 inches.

Reassembly

1. Remove the shims used for the wear
check. Lightly lubricate pivot ball bush-
ing, fulcrum groove, eyebolt pin and in-
board end of release lever with clutch
lever grease.

2. Place the pressure plate on a face
plate with the spring pockets of the pres-
sure plate up. Place heat-insulating wash-
ers and the springs in the pressure plate
spring pockets.

NOTE

If pressure plate was refaced. in-
sert washers into the spring cups
of a thickness equal to the metal
removed from the pressure plate.
Shellac the washers in place to
facilitate retention.

3. Place the cover in position, align the
springs in the pockets. Bottom the screws
of the three spring retention tools into the
threaded holes of the pressure plate and
bring the tool nuts down snugly against the
tool bracket. Tighten the tool nuts alter-
nately, one turn at a time, guiding the pres-
sure plate lugs into the clutch cover holes
until the inside face of the cover is 1.125
inch from the face of the pressure plate.
Special tool (17-T-1763), is used to facilit-
ate obtaining this dimensions, see Figure
5-8.

4. Place the clutch release levers on the
ball fulcrums and eyebolt shanks. Place
the lever springs on the spring pins with
the small diameter against the release
levers.




assembled in their original posi-
tions. This is necessary in order
not to disturb the dynamic balance
of the clutch.

1. Equally space three steel blocks 3/8
inch thick, on bed of arbor or drill press.

2. Place clutch with pressure plate side
down, on blocks. (This is done in order to
raise clutch to permit disassembly).

3. Place a block of wood, such as atwo
by four, across cover plate in a position
that does not interfere with tips of release
levers, as shown in Figure 5-10. Compress
clutch assembly slightly, removing lever
adjusting screw locknuts.

Figure 5-10. Compressing Clutch

4. Turn each lever adjusting screw down
(clockwise), a few turns with a screw-
driver, releasing spring tension a small
amount. Repeat operation until all lever
adjusting screws are entirely free of cover
plate. Release remaining spring tension,
and lift cover plate off pressure springs.

5. Pressure springs may nowbe removed.
After extracting cotter pins and lever pins,
remove release levers.

Inspection and Repair

Clean all parts thoroughly with a suitable
safe solvent, then inspect carefully for ex-

5-8

cessive wear, distortion, or cracks as out-
lined below:

1. Check cover plate for distortion, ex-
cessive wear at indentations which register
between drive bosses on pressure plate, and
for strippedthreadsinholesaccommodating
release lever adjusting screws. If the
above mentioned conditions are apparent,
replacement of cover plate is required.

2. Replace springs if cracked or defective.
Check all springs on a spring tester. Re-
place all that do not meet specifications.

3. Replace release levers that are badly
worn on tips (this is an indicationofa stick-
ing release bearing), worn threads on lever
adjusting screws and nuts, or where bind-
ing appears to be present, which retards
free back and forth movement.

NOTE

Release levers are serviced as a
subassembly only, and consist of
lever, adjusting screw, roller, rol-
ler block, lever spring and spring
retaining pin.

4. If pressure plate shows signs of scor-
ing, excessive wear at lever pin holes,
inside of drive bosses, heat checking, or if
warped more than .020 inch, plate must
be refaced or replaced. (When refacing
pressure plate., remove only sufficient
metal to obtain a smooth flat surface.)

NOTE

When pressure plate thicknessbe-
comes less than 1.141 inch, re-
placement is necessary.

5. If flywheel is warped or heat checked
and surface is refinished, maintain the
1.188 inch dimension between disc surface
and bolting face for proper release lever
adjustment. No more than .070 inch maxi-
mum may be removed by grinding.

6. Inspect driven disc assembly for
cracks, loose rivets, worn splines, warped
or dished condition. If cracked, or hub
splines are worn excessively, replace disc
assembly.

If facings are worn down nearly even with
countersunk, facing-retaining rivet heads
and provided assembly is in otherwise good
condition, it may be rebuilt.




7. Pilot bearing should be removed, clean-
ed and checked each time clutch or engine
is removed. Discard bearing if balls or
races are chipped or scored. After in-
spection, hand-pack bearing with clutch
pilot bearing grease and install bearing
in flywheel. Tap into place with shielded
side toward clutch.

After bearing is properly installed, pack
the entire cavity in back of the bearing
with the same specified clutch pilotgrease.

NOTE

To prevent damage to the bearing
seal when the transmission is as-
sembled to the engine, the space
occupied by the maindriving pinion
pilot must not be filled withgrease.
See Figure 5-11.

FLYWHEEL
CRANKSHAFT

CLUTCH AILOT BALL BEARING
(SNAP-RING TYPE) WITH
BUILT-IN GREASE SEAL

HAND-PACK CAVITY
EXACTLY AS SHOWN

AFTER BALL S9EARING
INSTALLATION. CENTRAL
AREA MUST BE CLEAR
OF GREASE

BEARING SNAP-RING
COUNTERBORE

Figure 5-11. Cut-away View of Clutch
Pilot Bearing Grease Reservoir Correctly
Packed

Use only the recommended pilot bearings
specified. These bearings will function
without premature failure where slight
misalignment exists between engine and
transmission.

Reassembly

1. Mount release lever assemblies on
pressure plate. Set pressure plate as-
sembly on three equally spaced steelblocks
3/8 inch thick, on bed of arbor or drill
press, plate side down.

2. Place pressure springs in position on
pressure plate, as shown in Figure 5-12.
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Figure 5-12. Assembling Clutch

3. Lay cover plate over springs, being
sure that all springs are seated on bosses
of pressure plate, and around indentations
on inside of cover.

4. If pressure plate was refaced, it will
be necessary at assembly, to add shims
under each pressure spring equal to total
metal removed.

5. Compress assembly slowly, aligning
lever adjusting screws with threaded holes
in cover plate. (The indentations inside
cover, should enter the spaces between
drive bosses on pressure plate freely.)
With screwdriver, thread ends of adjust-
ing screws into cover evenly, until screws
protrude about 1/2 inch. Hold assembly
compressed, while placing locknuts in posi-
tion, but do not tighten.

6. To facilitate installation on flywheel,
place wood blocks approximately 3/8 inch
thick, between the tops of release levers
and inner rim of cover plate. (Be sure
these stay in position as all tension is
released).

7. Insert the three spring retention tools
(17-T-1766), through cover and bottom in
tapped holes in pressure plate (center hole
of each five series in cover). With pres-



2. While holding spring retention tool
screws, back off tool nuts alternately, mak-
ing one turn at a time. When spring is
entirely relieved, back out the three tool

SCrews.

3. Remove clutch cover and springs. I
heat-insulating washers are removed from
pressure plate spring pockets, retain them
for reassembly. The eyebolts need not be
removed, unless inspection reveals distor-
tion or loose fit on pins.

Inspection and Repair

Remove all traces of dirt and oil with a
suitable safe solvent. Inspect parts care-
fully for cracks, distortion or excessive
wear as follows:

1. I cover is cracked or distorted, re-
place. Tack-weld loose spring cups (on
covers having this construction) replace
worn or loose ball-fulcrums. Replace
loose or bent release lever spring pins.

2. Replace springs if cracked or defec-
tive. Check all springs on a spring tester.
Replace all that do not meet specifications.

3. Replace thrust washer if worn, bent or
defective.

4. Replace worn release levers, springs
and ball seats. Checklevers with a straight-
edge and 11/16 inch ball (17-T-1126) as il-
lustrated, in Figure 5-14 and if bent sothat
dimension (1) is more 11/32 inch when
measured at a point where distance (2) is
2-1/2 inch, replace the lever.
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Figure 5-14. Checking Release Lever
for Bend

5. 1If pressure and intermediate plates are
scored, heat checked, or warped more than
0.020 inch, they must be replaced or re-
faced. Remove only enough metal to ob-
tain a smooth flat surface. Finish with a
light cut and polish with emery cloth. When
thickness (1) becomes less than the worn
limit given in specifications, the plate must

be replaced. Measure atouter spring pock-
et as shown in Figure 5-15. Measuring at
inner pocket is not accurate if pressure
plate is dished. I cleft lugs are worn,
cracked or distorted, replace the plate. The
intermediate plate features a double set of
drive slots for increased service life. At
clutch installations after rebuild, it is re-
commended that the set with less wear be
used. Replace eyeboits if they are dis-
torted, have worn threads or keyways.

MEASURE AT QUTER POCKET.
MEASURING AT INNER POCKET
IS INACCURATE IF PLATE IS DISHED.

Figure 5-15. Pressure Plate Thickness
Dimension

6. If flywheel is warped or heat checked
and- surface is refinished, maintain the
2.797 inch dimension between disc sur-
face and bolting face for proper release
lever adjustment. See Figure 5-16. No.
more than .070 inch maximum may be
removed by grinding.
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Figure 5-16. Flywheel Rubbing Surface-
to-Clutch Cover Bolting Surface Dimension

Intermediate plate drive pins should be
inspected for abnormal wear.

When pins have been removed to permit
flywheel machining, or require replace-
ment, squareness between flywheel friction
and pin drive faces must be maintained at
installation. A positioning tool will assist
in establishing necessary alignment.

Suitable for this purpose, will be a slotted
steel block 4 inches long, 2-1/2 inches
wide and 1-1/2 inches thick. One 2-1/2
inches x 4 inches face should be ground
for maximum flatness, as it will constitute
the major working surface. A 3/16 inch x
45° chamfer along all edges of thisface will
tend to prevent burrs that would affect
accuracy. See Figure 5-17.
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Figure 5-17. Drive Pin Positioning Tool

Midway between ends of the 4 inch length,
a .628/.627 inch wide slot 1-1/4 inch deep
should be machined through the 1-1/2 inch
thickness. The slot must be exactly square
with the ground face for it will determine
flywheel to drive pin head alignment. A
half -inch drift pin clearance hole, drilled
from the side opposite, and intersecting
with, the slot will complete the tool. Hole
centerline should be 7/8 inch from the
ground face, so that driving force will be
centered over the head. Magnetizing the
block will minimize movement duringdriv-
ing and lessen possibility of marring fly-
wheel face.

In use, the threaded portion of the pin is
inserted in the flywheel hole. The position-
ing tool slot is placed over the drive head,
with the ground surface held flat against
the flywheel friction face. The pin is then
driven until fully seated.

7. Inspect driven disc assembly for
cracks, loose rivets, worn splines, warped
or dished condition. If cracked, or hub
splines are worn excessively, replace disc
assembly. If facings are worn down nearly
even with countersunk facing-retaining rivet
heads and assembly is in otherwise good
condition, it may be rebuilt.

8. Pilot bearing should be removed, clean-
ed and checked each time clutch or engine
is removed. Discard bearing if balls or
races are chipped or scored. After inspec-
tion, hand-pack bearing with clutch pilot
bearing grease and install bearing in fly-
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wheel. Tap into place with shielded side
toward clutch and snap ring seated incoun-
terbore. Old bearings without a snap ring
cannot be used in new through-bored fly-
wheels.

After bearing is properly installed, pack
the entire cavity in back of the bearing with
the same specified clutch pilot grease.

NOTE

To prevent damage to the bearing
seal when the transmission is as-
sembled to the engine, the space
occupied by the maindriving pinion
pilot must not be filled with grease.
See Figure 5-18.

FLYWHEEL

CLUTCH PILOT BALL BEARING
(SNAP-RING TYPE) WITH
SUILT-IN GREASE SEAL

HANDPACK CAVITY
EXACTLY a5 SwowN

AFTER BALL BEARING
INSTALLATION. CENTRAL
AREA MUSTBE CLEAR
QF GREASE

BEARING SNAP-RING
COUNTERBORE

Figure 5-18. Cut-away View of Clutch
Pilot Bearing Grease Reservoir Correctly
Packed

All current Mack-made engine flywheels
have been manufactured byboring the clutch
pilot bearing hole straight-through and
counterboring a recess to provide proper
positioning for the snap ring type pilot
bearings now in use.

M e o

,  CAUTION

Do not install anew snap ring bear-
ing in an old flywheel without re-
moving the snap ring and dis-
carding. In old flywheels without
the counterbore, the snap ring
would position the bearing too far
rearward, which would result in

)




early bearing failure and consider-
able damage to costly components.
Use only the recommended snap
ring type bearings specified.
These bearings will function with-
out premature failure where slight
misalignment exists between en-
gine and transmission.

Before assembling the clutch, a positive
wear check should be made to insure that
it will provide maximum disc wear. This
check will uncover any interference that
might prevent full release lever travel and
allow corrections to be made before the
clutch is assembled.

Place the pressure plate assemblyandcov-
er (without springs) into position as shown
in Figure 5-19, making sure that shims of
the correct thickness (.250) are inserted
between cover and spacer (17-T-1763). In-
stall each release lever and while pressing
firmly on the fulcrum, measure distance
(1) inboard end of lever is raised above
cover. Correct height is 3-11/32 inches.
Remove any interference that prevents ob-
taining this dimension.

PRESS FIRMLY

SHim$
(6 PLACES)

- :
SURFACE PLATE ~ 17.1'.1751—/ e

Figure 5-19. Wear Check

Reassembly

1. Remove the shims used for the wear
check. Lightly lubricate pivot ball bush-
ing, fulcrum groove, eyebolt pin and in-
board end of release lever with clutch
lever grease.

2. Place the pressure plate on a surface
plate with the spring pockets of the pres-
sure plate up. Place heat-insulating wash-
ers and the springs in the pressure plate
spring pockets.

NOTE

If pressure plate and intermediate
plate were refaced, insert wash-
ers into the spring cups of a thick-
ness equal to the metal removed
from the pressure plate and inter-
mediate plate. Shellac the wash-
ers in place to facilitate retention.

3. Place the cover in position, align the
springs in the pockets. Bottom the screws
of the three spring retention tools into the
threaded holes of the pressure plate and
bring the tool nuts down snugly against the
tool bracket. Tighten the tool nuts alter-
nately, one turn at a time, guiding the pres-
sure plate lugs into the clutch cover holes
until the inside face of the cover is 1.1875
inch from the face of the pressure plate.
Special tool (17-T-1763) and a 1/16 inch
spacer (17-T-11337), is used to facilitate
obtaining this dimension. See Figure 5-20.

NOTE

If the intermediate driving plateis
worn or has been machined, the
consequent reduction in thickness
will produce the same effect as
worn clutch discs when the clutch
assembly is installed in a vehicle.
In an extreme case, one-half the
available release collar wear
travel may be used up before the
vehicle is put back into service.

To compensate for this condition, shims of
appropriate thickness must be inserted be-
tween cover and spacers (17-T-1763) while
the clutch is adjusted. Measure thickness
of the intermediate driving plate which will
be used with clutch being adjusted and com-
pare with new thickness as shown in speci-
fications. If plate is .010 inch or more
below new thickness, secure shims equal
in thickness to amount of metal removed
and insert them between clutch cover and
spacers (17-T-1763) at equally spaced in-
tervals. See Figure 5-20.

4, Place the clutch release levers on the
ball fulcrums and eyebolt shanks. Place
the lever springs on the spring pins with the
small diameter against the release levers.
Place the spring washers in position, com-
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Figure 5-21. Sectional View of CL-58
Series Clutch
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Figure 5-22. Removing Lever Adjusting
Nut Lock Plates

main spring insulator washers from pres-
sure plate bosses.

NOTE

Do not remove the six lever anti-
rattle springs from the cover un-
less replacement is necessary.

4. Lay pressure plate on bench and with a
soft metal drift, drive hardened lever pins
out of pressure plate drive lugs to freere-
lease levers. With a pair of pliers, remove
cotter pin from each lever yoke clevis pin
and then press out each yoke clevis pin by
hand.

NOTE

When removing levers from pres-
sure plate drive lugs and lever
yoke, be very careful not to lose
any of the small uncaged needle
rollers.

Inspection and Repair

Remove all traces of dirt and oil with a
suitable safe solvent. Inspect parts care-
fully for cracks, distortion or excessive
wear as follows:

1. Replace springs if cracked or defective.
Check all springs on a spring tester. Re-
place all that do not meet specifications.

2. If pressure plate is scored, heatcheck-
ed, or warped more than .025 inch, it must
be replaced or refaced. Remove only enough
metal to obtain a smooth flat surface. No
more than .070 inch maximum may be re-
moved by grinding.



3. Inspect clutch release lever tips and
clevis pin holes for excessive wear. Make
sure levers are not bent. Replace where

necessary.

4. Inspect release lever yokes for con-
dition of threads. Slightthread damage may
be cleaned up with a three-cornered Swiss
file. Replace lever yokes if clevis pin
holes are elongated.

5. Check clevis pins and lever pins for
wear. Replace if wear is excessive. Check
lever slotted thrust washer ring for exces-
sive wear. Replace if slots areexcessive-
ly worn.

6. Check lever needle roller bearings for
wear. [f flats are such that rollers slide
rather than roll, replace rollers.

7. Inspect driven disc assembly for
cracks, loose rivets, worn splines, warped
or dished condition, . If cracked, or hub
splines are worn excessively, replace disc
. assembly.

If facings are worn down nearly even with
countersunk facing-retaining rivet heads
and provided assembly is in otherwise good
condition, it may be rebuilt.

8. If flywheel is warped or heat checked
and surface is refinished, maintain dimen-~
sions shown in Figure 5-23 between disc
surface and bolting face for proper release
lever adjustment. No more than .070 inch
maximum may be removed by grinding.

Figure 5-23. Flywheel Rubbing Surface-
to-Clutch Cover Bolting Surface Dimension

8. Pilot bearing should be removed, clean-
ed and checked each time clutch or engine
is removed. Discard bearing if balls or
races are chipped or scored. Afterinspec-

tion, hand-pack bearing with clutch pilot
bearing grease specified and install bear-
ing in flywheel. Tap into place with shield-
ed side toward clutch and snap ring seated
in counterbore.

After bearing is properly installed, pack
the entire cavity in back of the bearing
with the same specified clutch pilotgrease.

NOTE

To prevent damage to the bearing
seal when the transmission is as-
sembled to the engine, the space
occupied by the maindriving pinion
pilot must notbe filled with grease.
See Figure 5-24.

CRANKSHAFT

CLUTCH PlLO% BALL SEARING
(SNAP-RING TYPE) WITH
BUILT-IN GREASE SEAL

HAND-PACK CAVITY
EXACTLY S SHOWN
AFTER BALL SBEARING
INSTALLATION. CENTRAL
AREA MUST BE CLEAR
OF GREASE

BEARING SNAP-RING
COUNTERBORE

Tl

Figure 5-24. Cut-away View of Clutch
Pilot Bearing Grease Reservoir Correctly
Packed

Use only the recommended snap ring type
bearings. Thesebearings willfunction with-
out premature failure where slight mis-
alignment exists between engine and trans-
mission.

Reassembly

1. Apply a light coat of clutch lever grease
on the loose needle bearings and install
rollers in each pin hole of levers. When
bearings are installed, apply additional
grease to each assembled bearing group-

2. Spread a thin coat of lever grease on
the two rubbing flats of each lever and
on all yoke rubbing surfaces. Center lever
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yoke clevis pin holes over lever innerbear-
ing-lined pin holes and carefully insert
clevis pin through the aligned holes. Lock
pin in position with cotter pin.

3. Apply a thin even coat of lever grease
on all pressure plate drive lug rubbing sur-
faces. Carefully position lever assembly
between drive lugs. Align pinholesindrive
lugs with assembled needle rollers and push
pin through lugs and bearing opening.

NOTE
Remove all excess grease.

4. Position clutch pressure plate and lev-
er assembly in clutch overhaul machine,
arbor press, drill press or whatever clamp-
ing arrangement being used. After center-
ing thereon, install heat insulator washers
on the spring heat grids, then main springs
in their correct specified positions.

NOTE

Except as specified below, install
BLACK or COLORLESS main
springs on all locating bosses re-
maining without springs.

CL-58, install an all RED spring on each
No. 1 and No. 3 spring boss. CL-581, in-
stall an all WHITE spring on each No. 4
and 5 spring boss.

CL-582, install an all WHITE spring on
each No. 6 spring locating boss. See Fig-
ure 5-25. Install inverted yoke springs
on yoke stems.
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Figure 5-25. Main Spring Arrangement In
One of the Six Identical Pressure Plate
Segments

NOTE

Make sure leaf springs are in-
verted on yoke stems and parallel
to levers so that their upturned
ends will bear against under side
of cover when assembled, thus
spring-loading each yoke.

5. Position yokes vertically. Position
clutch cover over assembly. After center-
ing all main springs in their counterbored
seats in cover, set up clamping arrange-
ment and compress springs slowly. Make
sure ALL yoke stems are in alignment,
then continue to compress springs until all
six stems are sticking out of their cover
holes.

6. Apply a very thin coat of clutch lever
grease to adjusting nut spherical seats in
cover. Then install adjusting nuts. Clamp-
ing pressure on clutch cover may now be
relieved.

7. Lay engine flywheel on bench. Make
up four spacers exactly .402 inch thick
each and arrange them on flywheel rubbing
surface. The spacer thickness of .402 inch
corresponds to the mean driven disc as-
sembly thickness under load. See Figure
5-26. Then without disturbing the .402
inch spacer arrangement, position clutch
in flywheel counterbore. Install clutch in
flywheel counterbore. Install clutch cover-
to-flywheel capscrews with their lock wash-
ers. [Tighten capscrews a turn or two at a
time, in rotation, so'cover willnotbe cock-
ed and forced into flywheel pilot by the
tightening of the screws.

Figure 5-26. Clutch Lever Adjustment
Spacer Arrangement in Flywheel
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Figure 3-185. Pressure Relief Valve
Assembly ENDB64 Series

Installation

Position a new O-ring on the oil pressure
relief valve housing flange and install
housing onto cylinder block., See Figure

Lubrication System ENDT864 Series

3-186. Position discharge spout awayfrom
center of cylinder block then torque cap-
screws. This will provide sufficient clear-
ance between connecting rod and oil pres-
sure relief valve housing assembly.

OIL PAN EXCEPT END475 SERIES

Inspect oil pan for dents, cracks and con-
dition of flange, bolt holes for elongation
and baffle for security. Inspect drain hole
for condition of threads.

Installation

Position gasket on oil pan and position oil
pan on cylinder block. Install and tighten
oil pan retaining capscrews evenly to pre-
vent oil leakage.
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Figure 3-186. Oil Pressure Relief Valve
Installed END864 Series

OIL PAN END4735 SERIES
Description

Qil pan is a machined casting and is pro-
vided with a sheet metal cylindrical oil
screen. The oil screen has a crimped
section for proper positioning inthe oil pan.

Inspection

Inspect oil pan for dents, cracks, condition
of flanges, bolt holes for elongation and
condition of threads, Check oil pressure
relief valve mounting pad for flatness and
condition of threaded holes. Check oil pas-
sages to ensure they are not obstructed.
Check oil screenassembly for holes, cracks
and condition of welds. Checkscreencover
section to ensure pick up oil tube hole is
not damaged and mounting surface is clean.

Installation

Position spacer on stud in center of oil pan.
Install screen assembly over stud and lo-
cate crimped section of screen on lug to
properly position cover for oil pickup tube.
Install lockwasher and nut to secure screen
assembly. Position oil baffle in pan and
secure in place with capscrews and lock-
washers. Position new gasket on o0il pan
flange and new O-ring on pressure relief
valve tube. Install new felt washer on 0il
pick up tube. Position oil pan oncrankcase
and secure with capscrews. Torque cap-
screws evenly to prevent oil leakage.

CYLINDER HEAD STUDS
Inspection

Check cylinder head studs for condition of
threads, and straightness of shank.
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Installation

Apply a light coat of lubricating oil to the
threads of the studs and install them in the
cylinder block finger tight.

NOTE
END475S cylinder studs are in-
stalled with the shoulder {ully
Seated.

Locate the longer studs at the corners on
the push rod hole side of the cylinder block.

NOTE
On ENDB864 the longer studs are
positioned at the rocker arm shaft
bracket locations.

CYLINDER HEAD INSTALLATION

Place cylinder head gasket over studs on
cylinder block. Ensure that all passages

are open and not blocked by gasket. Ensure ,
O-rings are properly positioned. Cylinder -

gaskets are precoated, no soaking, coating
or sealants are required. Use gaskets as
received.

NOTE

I desired, apply a light coating of
Permatex to the entire outer edge
of the gasket to seal the corbestos
layer which may be affected by
lube oil or fuel.

Position cylinder head over studs and onto
cylinder block. See Figure 3-187. Ensure
no foreign material is in cylinder.

Figure 3-187. Installing Cylinder Head
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Figure 3-197. Installing Rocker Arm
Bracket O-ring END465, 673, T, and 711
Series

NOTE

The END475 uses a paper type
gasket between the rocker arm
shaft bracket and the cylinder
head.

Installation

fnsta.ll rocker arm assembly to cylinder
head ensuring rocker arm bracket with oil
hole is over the O-ring oil seal.

Install rocker arm bracket capscrews and
tighten to proper torque.

NOTE

On END4735 install hollow oil trans-
fer bolts at the rocker arm brac-
ket locations, also be sure valve
stem wear caps are installed,

To set the rocker arm static (cold) clear-
ance, position No. 1 cylinder piston on TDC
of the compression stroke. Timing indi-
cator on flywheel must indicate TDC.

Adjust inlet and exhaust valve clearance
in firing order. Each adjustment from No.
1 piston TDC setting is 1/3 of a turnon
the crankshaft from one adjustment to the
next. Two complete revolutions of the
crankshaft are required to make all valve
clearance adjustments. " '

NOTE

On END, T, 864 each adjustment
from No. 1 piston setting is 1/4
of a turn on the crankshaft from
one adjustment to the next.

WATER OUTLET MANIFOLD
Inspection

Inspect water outlet manifold for restric-
tions. Check mounting flanges for cracks
and straightness.

On END, T, 864 check the thermostat seal
in the water outlet fitting for looseness and
erosion,

Installation

Place new hose and clamps between front
half and rear half of the water outlet mani-
fold or tube and O-ring, if applicable. Place
new gaskets between water manifold and
cylinder head. Install and tighten attaching
capscrews to the proper torque. Position
hoses and hose clamps as applicable.

Install thermostat and by-pass fitting and
thermostat housing cover and seal as appli-
cable. See Figures 3-198, 3-199, and
3-200.

Figure 3-198. Installing Thermostat
END465 Series

On END, T, 864 install new thermostat seal
if old one was found unserviceable. See
Figure 3-201.

INJECTION PUMP INSTALLATION (PSJ-
PSM) END465, 673, T, 711 SERIES

1. Bar engine in normal direction of rota-
tion until No. 1 cylinder is on compression
stroke and flywheel timing mark indicates
correct number of degrees BTC. recom-
mended on pump data plate.
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Installation

Place new gaskets between intake manifold
and cylinder head. Install and tighten attach-
ing capscrews to the proper torque. On
END864 position O-rings and install inlet
manifald cross-over tubes and hose. See
Figure 3-209.

CaAP sCREY

wasHER

Figure 3-209. Intake Manifold Cross Over
Tube END864

EXHAUST MANIFOLD
Inspection

Inspect the exhaust manifold for restric-
tions. Check mounting flanges for erosion,
cracks and straightness.

Installation

Place new gaskets between exhaust mani-
fold and cylinder head. Install and tighten
the attaching washers and nuts or cap-
screws, as applicable, to the proper torque.
ROCKER ARM COVERS

Inspection

Inspect rocker arm covers for cleanliness,
dents and straightness of flange. Check
breather in cover, if applicable, to be sure
it is not plugged.

Installation

Cement new gasket to mounting flange of
rocker arm cover.

Position cover over rocker arms, install

and torque cover retaining capscrews or
nuts as applicable.
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ENGINE BREAK-IN PROCEDURE AFTER
OVERHAUL OR REBUILD

Comparative tests and careful review of
engine break-in methods have proven that
2 short run under full-load is substantially
more effective than the light or no-load
slow speed increase type of break-in. Com-
patibility between the critical components
(pistons, rings and bores) is greatly im-
proved by raising engine speed and applying
full-load immediately after warm-up.

Use the recommended type and grade engine
oil and fuel as required for usual operation
of the vehicle.

Immediately prior to initial starting of the
engine, oil galleries and filters are to be
primed preferably by means of a pressure
tank.

Check the air intake system to ensure all
joints are tight and the filter element and
system are clean.

After break-in procedure is complete, re-
check cylinder head stud nut torque and
valve clearance adjustment.

NOTE

Torque cylinder head studs while
engine is atoperating temperature.
Back each nut off individually and
then tighten to the recommended
torque.

When the vehicle is put into service, treat
the engine as though it were new and follow
the ‘‘Breaking in a New Vehicle’”’ instruc-
tions listed in the Operation Manual.

Where a dynamometer is available, the
break-in schedule is as follows:

Minutes RPM LOAD
15 1000 Warm-up
(no more than 1/4 load)
30 1400 Full
30 2100 Full
15 Check out

CAUTION

When using chassis dynamometer,
provide fans for cooling reartires
at roller contact area.




NOTE

Current production auxiliary drive
gears do not have timing marks and
do not have to be timed.

Oil Pump Drive and Compressor Drive
Coupling Gear

0Oil pump drive and compressor drive coup-
ling gear is designed with the coupling gear
on one end and the 0il pump drive gear on the
other.

Inspect gears for wear pattern and cracked,
chipped or broken teeth. See Figure 22.
Install locating key in keyway of auxiliary
shaft. Align slot in oil pump drive gear end
of coupling and install gear on shaft. Install
coupling washer andnut. Torque nut, Install
compressor oil transfer tube in end of auxil-
iary driveshaft,

Tachometer Drive Assembly

Inspect tachometer shaft for wé¥t and gear
for chipped, cracked or broken gear teeth.
Check housing bore for wear and flange for
straightness and condition of holes.

Assembly

Lubricate tachometer shaft and gear and po-
sition in tachometer housing.

Installtachometer driveassembly and gasket
on auxiliary drive housing. See Figure 23.

Injection Pump Drive Assembly

NOTE
Current production turbocharged
enginesuseanaluminum injection
pump drive housing and does not
use ball bearings or bushings.

Injection pumpdrive assembly consists of a
shaft with integral flange and tangs, a front
and rear ball bearing positioned by a spacer
andretainedinthe housingby a nut and cotter
key. See Figure 24.
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Figure 24. Injection Pump Drive Assembly

Inspect shaft for condition of flange and tangs.
Check bearing locations for wear and galling.
Check keyway slot and threads for condition.
Inspect bearings for condition and free rota-
tion. Check housing for straightness of
flange, condition of bearing locations, holes
and threads.

Position housing on bench with small end up.
Coat bearing O.D. and recess lightly with
Loctite grade B. Do not allow Loctite to
enter bearing races. Install front bearing
in housing with closed side up and tap into
position with a suitable drift. Install bearing
retaining nut;torque andlock in position with
acotter key. Allow Loctitetoharden at least
72 hours at 72° F, Moderate heat may be
used to accelerate hardening.




Installation

Position crankshaft pulley and vibration
damper on crankshaft hub and secure with
hardened washers and capscrews. Where
separate pulley and damper parts are used,
torque capscrews.

OIL PRESSURE CONTROL VALVE
ASSEMBLY (Anti-lag valve not used with

Airesearch turbocharger)
Description

Oil pressure control valve is a machined
casting containing oil passages and spring-
loaded valves for oil pressure control and
direction. See Figure 55.
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Figure 55. Oil Pressure Control Valve

The assembly is mounted externally on the
cylinder blockand aligns withthe oil passage
directly from the oil pump.

A portion of this oil is directed to the turbo-
charger to insure immediate and positive
lubrication when starting the engine, After
the engine is running, however, the passage
isclosed off by the anti-lagvalve and filtered
oil is channeled to the turbocharger.

The oil is transferred by an external line
fromthe pressure regulator tothe oil cooler.
After passing through the oil cooler, an ex-
ternal line transfers the oil to the oil filter
and the oil filter outlet is connected by an
external line to the oil pressure regulator,

The cooled and filtered oil entering the reg-
ulator is directed tothe engine oil gallery for
engine lubrication and also acts upon the two
valves located in the housing. The oil acts
uponthe anti-lag valve andcloses the passage
which had admitted oil to the turbocharger
from the oil pump and now directs filtered

oil to the turbocharger. An anti-drainback
valve is in the turbocharger lubricating oil
line to prevent oil drainback during layovers.

Theoil alsoacts upon the pressure regulator
valve and allows oil, directly from the qil
pump, for piston cooling and permits excess
oil to drain back to the crankcase.

Oil for piston cooling system is direct from
the oil pump and is only effective at engine
rpm above idle,

Inspection

Inspect the oil pressure control valve hous-
ing for flatness. Be sure all oil passages
areclean and not obstructed. Check anti-lag
valve and pressure control valve springs for
wear and proper compression pressure.
Check anti-lag valve for wear, condition, and
for freedom of movement in housing.

Check pressure control valve for wear, con-
dition and freedom of movement in housing
bushing. Be sure oil passages are clean an
not obstructed. :

Check pressure control valve bushing in-
housing tobe sure notchon bushing and hous-
ing are lined up indicating oil slots are in
proper position.

Assembly

Install the anti-lag valve spring in the hous-
ing., Lubricate and install anti-lag valve.
Be sure pilot on valve enters hole in spring.
Apply a light coat of sealant to the threads of
the pipe plug and install in housing to retain
anti-lag valve.

Position washer on oil pressure control valve
retainer cap. Install cap into housing and
bend tab to lock cap. Lubricate and install
pressure control valve and pressure control
valve spring.

Position washer on 0il pressure control valve
spring retainer capand installcap into hous-
ing. Torque cap and bend tab to lock cap.

Apply a light coat of sealant to the threads of
the two pipe plugs and install in housing.

Install protective covers on oil IN and OUT
fittings.
Installation

Position a new gasket on the cylinder block
and install the oil pressure control valve

3-145



Figure 59. Installing Oil Pump Pressure
Relief Valve Plunger

Check oil pick-up pipe and shield assembly
for cleanliness and lack of obstruction.
Place a gasket on pump flange and install oil
pick-up line. Torque screws and lockwire
together. Install oil screen, support and
inlet pipe. See Figure 61. See Figures 62,
63 and 64 for lubrication system.

Figure 61. Oil Pump Pick-up Pipe
Installation
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* INTERMITTENT OIL SUPPLY

INJECTION PUMP
TO PUMP AND GOYERNOR

CAMSHAFT
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MECHANICAL
GOVERNOR

FIXED COUPLING

FLEXIBLE EXTERNAL
OIL SUPPLY LINE FROM
NO. 7 CAMSHAFT REAR
BUSHING TO FUEL PUMP
AND GOYERNOR

RETURN TO
CRANKCASE

62-66

SUPPLY FROM
CAMSHAFT

ENGINE AUXILIARY

CAMSHAFT SHAFT
PRESSURE LINE SUPPLY FROM
FROM OIL PUMP MAIN BEARINGS
FRONT —

Figure 64. Auxiliary Drive and
Injection Pump Lubrication

OIL PAN

Inspection

Inspect 0il pan for dents, cracks and condi-
tion of flange, bolt holes for elongation and
baffle for security. Inspect drain hole for
condition of threads.

Installation

Position gasket on oil pan and position oil
pan on cylinder block. Install and tighten
oil pan retaining capscrews evenly to pre-
vent oil leakage.,

CYLINDER HEAD STUDS

Inspection

Check cylinder head studs for condition of
threads, and straightness of shank.

Installation

Apply a light coatof lubricating oil to threads
of studs and install them in cylinder block
finger-tight, then back off 1/3 turn.
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CYLINDER HEAD INSTALLATION

CAUTION

New cylinder head gaskets and fire
rings must be installed each time
cylinder heads are removed.

Place cylinder head gasket over studs on
cylinder block. Be sure that all passages
are open and not blocked by gasket. Make
surefirerings are properly positioned. Cyl-
inder gaskets are precoated; no soaking,
coating or sealants are required. Use gas-
kets as received.

Position cylinder head over studs and gently
onto cylinder block. See Figure 65. Be sure
no foreign material is in cylinder.

Install cylinder head stud washers and nuts.
Torque cylinder stud nuts in progressive
steps of 50 lb, ft. using proper tightening
sequence. See Figure 686,
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To set the rocker arm static (cold) clear-
ance, position No. 1 cylinder piston on TDC
of the compression stroke, Timing indica-
tor on flywheel must indicate TDC.

Adjust inlet and exhaust valve clearance in
firing order., Each adjustment from No. 1
piston TDC setting is 1/3 of a turn on the
crankshaft from one adjustment to the next.
Two complete revolutions of the crankshaft
are required to make all valve clearance ad-
justments.

WATER OUTLET MANIFOLD

Inspection

Inspect water outlet manifold for restric-
tions. Check mounting flanges for cracks
angd straightness.

Installation

Place new hose and clamps between front
half and rear half of the water outlet mani-
fold. Placenew gasketsbetween water mani-
fold and cylinder head. Install and tighten
attaching capscrews to the proper torque.
Position hoses and hose clamps as applicable.

Install thermostat and by-pass fitting and
thermostat housing cover and seal as appli-
cable. See Figure 69.

Figure 69, Installing Thermostat

WATER PUMP

Descrigtion

The water pump is a centrifugal-rotor type,
V-belt driven from the crankshaft. The
pump cover contains the grease cavity and
provisions for two, single row, ball bear-
ings which support the shaft. The bearings

3-152

are sealed on one side to retain grease. A
vent fitting replaces the usual grease fitting
because the initial pack of grease, 1/3 full,
should suffice for the life of the pump. A
cartridge-type water seal with synthetic rub-
ber bellows and carbon ring form an effective
water-tight seal.

The housing, which comprises the volute
(rotor casing) and water outlet to the engine
is also the pump mounting.

It isusually more economical to obtain a re-
built exchange water pump than to overhaul
the old one. Contact your Mack Branch or
Distributor for rebuilt exchange water pumps.

INJECTION PUMP INSTALLATION

1. Bar engine in normal direction of rota-
tion until No. 1 cylinder is on compression
stroke and flywheel timing mark indicates
correct number of degrees BTC recommend-
ed on valve cover escutcheon plate. The in-
jection pump driveshaft flange lugs should
now be in a horizontal plane and indexing pin
hole at 4 o'clock position, looking at face of
shaft flange.

2. Grease front (non-counterbored) face of
coupling and mount on pump driveshaft flange
with long end of offset indexing pin pointing
rearward and center the coupling ring later-
ally.

3. Remove pump adapter inspection hole
cover,

4. Rotate pump coupling driven flange until
lugs arein a vertical plane and indexing hole
is at 7 o'clock position, looking from drive
end of pump. See Figure 70,

Figure 70. Installing Injection Pump
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AIR COMPRESSOR

Inspection

Inspect air compressor flange for cracks,
straightness and condition of holes. Check
coupling teeth and insure shaft nut is tight
and tab is bent to lock nut.

Installation - See Figure 72

; Y 1 iNG
s IR COUPLING
LT AIR COMPRESSOR

" ang >

Figure 72. Installing Air Compressor

The air compressor is 'phased’ or "timed"
tothe engine. A toothin the bore of the fiber
coupling is shaved down to clear a pin in the
drive coupling. The compressor can be in-
stalled only one way. If difficulty is expe-
rienced, rechecktoinsure coupling and drive
are in proper mesh,

Current production engines do not require
phasing or timing. The pin has been omitted
from the drive coupling.

Be sure oil transfer tube is tight in end of
auxiliary driveshaft,

Position air compressor adapter ring, if
used, into auxiliary housing counterbore.
Place gasket on air compressor and position
on auxiliary housing. Install and torque air
compressor retaining capscrews or nuts.

WARNING
Recheck auxiliary shaft end float

after installing air compressor or
vacuum pump.
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FUEL INJECTION LINES, HIGH PRESSURE

Description

Fuel injection lines are seamless cold-
drawn high tensile steel. All lines on one
engine are of identical length and inside
diameter. '

Inspection

Inspect fuel injection line for chafing, dents,
nicks or sharp bends. Check fittings, seat
and threads for condition. Check lines to be
sure they are not restricted.

Installation

Install fuelinjection nozzles. Install fuel in-
jection lines and be sure brackets are prop-

erly positioned to prevent lines from chafing,

The lines should fit without difficulty if they
have not been changedaround. NEVER BEND
THE LINES TO MAKE THEM FIT.

Torque fuel injection lines at injection nozzles
and pump locations. Torque injection line
brackets.

INLET MANIFOLD

Inspection

Inspect inlet manifoldfor restrictions. Check
mounting flanges for erosion, cracks and
straightness.

Installation

Place newgaskets between inlet manifold and
cylinder head. Install and tighten attaching
capscrews to the proper torque.

EXHAUST MANIFOLD
Inspection

Inspect the exhaust manifold for restrictions.
Check mounting flanges for erosion, cracks
and straightness.

Installation

Place new gaskets between exhaust manifold
and cylinder head. Install and tighten the
attaching washers and nuts to the proper
torque.
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ROCKER ARM COVERS
Inspection

Inspect rocker arm covers for cleanliness,
dents and straightness of flange. Check
preather in cover, if applicable, to be sure
it is not plugged.

Installation

Cement new gasket to mounting flange of
rocker arm cover.

Position cover over rocker arms; install and
torque cover retaining capscrews or nuts as

applicable.

TURBOCHARGER (Refer to Page 3-23 for
turbocharger information)

TURBOCHARGER TROUBLE SHCOTING

Frequently turbochargers are removed and
returned for repair exchange unnecessarily
as factory inspection reveals they are still
serviceable and repair is not necessary. If
turbocharger malfunction is suspected, fol-
low these inspections and refer to trouble
shooting chart at end of bulletin.

CAUTION

Do not place hands or fingers
near turbocharger inlet while en-
gine is running. Vacuum can be
created which could draw fingers
into compressor blading causing

injury.
PROCEDURE
I. NOISE CHECK

Start engine and check for unusual noise or
vibration from turbocharger. This will in-
dicate out of balance, rubbing or damage to
compressor or turbine wheels. If rubbing
noise is evident, shut down engine immedi-
ately.

NOTE

Remove compressor housing and/
or turbine housing. If any sign
of turbine wheel or compressor
wheel rub is evident, the turbo-
charger will have to beremoved,
cleaned, repaired or exchanged,
as necessary.

II. LEAKAGE CHECKS

If no noise is evident, perform the following
inspections:

With Engine Running:

1. Check for leaks in air inlet system from
air cleaner to inlet manifold. Use light oil
squirted from oil can or soap suds on joints
to detect suction or pressure leaks. Soap
suds can be used to detect porous hose or
light application of starting fluid spray which
causes engine speed to rise when applied
against porous or leaking hose or connec-
tions. Check all hoses and tubing for chaf-
ing, holes or sliding out of place.

2. Check exhaust manifold for cracks, leaks
and missing, loose or blown gaskets.

3. Check turbocharger.lubricating oil inlet
and outlet lines and fittings for chafing, pin-
ching or leaking.

Shut Engine Down and Perform the following:

1. Be sure all bolts, clampsandconnections
are tight and intake manifold gaskets are in-
proper location and tight.

2. Check to be sure exhaust manifold and
turbocharger mountings are tight.

3. Perform the following checks if the tur-
bocharger compressor shows evidence of oil
leakage.

a) Wet Inlet: Check air cleaner and/or
air compressor inlet line if compres-
sor inlet is tied into engine air inlet
system.

b) Wet Qutlet: Check back of compres-
sor wheel and in crossover tube to in-
take manifold.

If oil wetting is found, clean compressor,
compressor wheel and crossover tube. Run
again under operating conditions, inspect, if
no leakage is evidenced, check air compres-
sor for oil passing or engine oil difficulties
other than the turbocharger.

. PRESSURE CHECKS

Install an oil pressure gage in the turbo-
charger oil inlet line and a pressure gage in
the inlet manifold and perform the following
checks. See Figure 1 for typical gage loca-
tions. Start engine.

1, Checkturbocharger oil inlet pressure for
minimum of 10 psi with engine at idle rpm.

2. Recheck items 1, 2, 3 and 4 as in Sec-
tion O with the engine running.
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3. Inspect oil drain line to be sure it is not
clogged or restricted.

4, Inspect o0il supply line for restriction,
deterioration or possibility of leaking under
pressure. Be sure check valve is working
properly and not restricted.

5. Inspect turbocharger mounting pad, on
exhaust manifold, for erosion, flatness and
to be sure old gasket is removed.

6. Place new gasket on exhaust manifold,
position turbocharger and install attaching
bolts.

7. Connect compressor inlet and outlet pip-

ing. Check to be sure all clamps and bolts
are tight. Be sure piping is not producing
strain on compressor cover.

8. Connect oil inlet line to turbocharger.

9. Crank the engine, without firing, until a
steady flow of oil is noted coming from the
oil drain outlet of the turbocharger or charge
the system from an external pressurized oil
source. .

10. Stop cranking engine or charging system
and connect oil drain line to engine. Be sure
drain line slopes downward throughout its
length with no sharp bends or kinks.

This guide is to acquaint the mechanic with troubles peculiar to turbochargers. Common
sense and good shop practices are to be exercised. Check out the easier and more probable
causes first, then proceed to the more complicated or time consuming items.

Trouble and Symptoms

Probable Causes
Check causes given in sequence shown.

Noisy
Low turbocharger speed

Low turbocharger pressure
Cracked turbocharger housings or flanges

Engine lacks power

Black smoke

Blue smoke
Lubrication oil consumption excessive
Lubrication oil leakage
Insufficient lubrication
Oil in Air Inlet System

Before turbocharger

After turbocharger
Oil in Exhaust System

Before turbocharger

After turbocharger
Unbalance of rotating assembly
Drag or bind in rotating assembly

Damaged turbine wheel
Damaged compressor impeller
Worn bearings or journals

9, 10, 11, 12, 13, 14, 15, 17, 20, 23, 25,
26, 27, 28, 29, 30

1, 3, 4, 7, 8, 13, 15, 16, 20, 23, 25, 26,
27, 29, 30, 34

1, 3, 5, 7, 14, 11, 12, 13, 15, 16, 23

1, 3, 5, 7, 30, 11, 12, 13, 15, 16, 19, 20,
23, 26, 27, 28, 31, 32, 33

1, 2, 3, 5, 16, 24, 7, 19, 15
24, 2, 7, 4, 22, 34

19, 21, 22, 3, 1, 5, 18, 24, 25, 34
21, 19, 18, 22, 24, 25, 34

19, 21, 17, 31

1,2, 3, 4,5, 7, 18, 19, 34

1, 2,3, 4, 17,5, 22, 24, 25, 28, 34
12

22, 24, 25

25, 23, 9, 3, 11, 12, 13, 18, 19, 20
9, 26, 27, 28, 30, 25, 18, 19, 20, 17, 13
22, 29, 11, 12, 31, 32, 33, 34

12, 13, 15, 25, 27, 28, 30, 32, 33

6, 9, 11, 13, 25, 26, 27, 28, 30, 33

17, 18, 19, 20, 21, 26, 27, 28, 30, 31, 32, 33

B
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Core Exchange -
Schwitzer or Holset Turbocharger

" "1. Remove lubricating oil inlet and outlet

lines.

2. Loosenclamponcompressor housingand
move bousing away from core assembly.

3. Support core assemblyand loosen clamp
on turbine housing and remove core assem-
bly. Holset uses capscrews and washers to
secure core assembly.

4, Installcoreassemblyinreversemanner,
Also be sure to prime turbocharger lubri-
cating system. Refer to Installation Proce-
dure.

Turbocharger Exchange - Schwitzer,
AiResearch or Holset Turbochargers

1. Remove lubricating oil inlet and outlet
lines.

2. Remove air inlet duct from compressor
housing.

3. Remove exhaust pipefrom turbine hous-
ing.

4. Removeturbocharger retainingbolts and
remove turbocharger from engine exhaust
manifold.

Installation Procedure

Use the following steps as a guide when in-
stalling turbocharger to engine.

1. Inspectair intake systemforcleanliness,

leakage and foreign material.

2. Inspect exhaust manifold for leakage and
foreign matter.

3. Inspect oil drain line tobe sure it is not
clogged or restricted.

4. Inspect oil supply line for restriction,
deterioration or possibility of leaking under
pressure. Be sure check valve is working
properly and not restricted.

5. Inspect turbocharger mounting pad, on
exhaust manifold, for erosion, flatness and
to be sure old gasket is removed.

6. Place new gasket on exhaust manifold,
position turbocharger and install attaching
bolts.

\U baim

7. Connect compressor inlet andoutlet pip-
ing. Check to be sure all clamps and bolts
are tight. _Be sure piping is not producing
strain on compressor cover.

8. Connect oil inlet line to turbocharger.

9. Crank the engine, without firing, until a
steady flow of oil is noted coming from the
oil drain outlet of the turbocharger or charge
the system from an external pressurized oil
source,

10. Stop cranking engine or charging system
and connect oil drain line to engine. Be sure
drain line slopes downward throughout its
length with no sharp bends or kinks.

Turbocharcer Overhaul Procedure

NOTE

Clean exterior of turbocharger with
a pressuresprayof cleaning solvent
and air blow dry before starting
disassembly. Due to close toler-
ancesand extremely high rpm of the
turbocharger it is of utmost impor-
tance to have a clean work area.

1. Mark alignment of turbine housing and
compressor housing for correct alignment
with bearing housing at reassembly. Usea
suitable center punch or small chisel.

2. Remove Vee clamp and separate com-
pressor housing from bearing housing. Use
caretoprevent damage to compressor wheel,

3. Remove O-ring from groove in bearing
housing if used.

4. Position turbocharger in a vise and
mount a dial indicator with contact point on
side of compressor wheel retaining nut.

5. Move compressor wheel away from in-
dicator while pressing turbine wheel in op-
posite direction.

6. Zero dial indicator and check total side
play of shaft by pressing compressor wheel
toward indicator and turbine wheel in oppo-
site direction. If measured movement ex-
ceeds maximum limit the turbocharger must
be overhauled.

7. Checkchaft endfloat using a dial indica-
tor withtip of indicator on endof shaft. Move
shaft toward dial indicator and zero dial in-



— T

TOP OF SPRING

Figure 2-49. Installing Valve Keys

Installing Cylinder Heads

New cylinder head gaskets are installed on
the cylinder block with "Top'' markup. Check
cylinder head studs for secureness in the
block; alsothreads for damage that may cause
binding of the stud nuts. Fit cylinder heads
over studs lowering on to cylinder head gasket
carefully to avoid damage. Install cylinder
head stud washers and nuts. Torque nuts in
sequence shown with a calibrated torque
wrench in progressive steps of 50, 100 and
finally 140 Ib. ft. (Stud threads oiled). See
Figure 2-30,

Installthe two water connection flanges, with
gaskets, to cylinder head (connecting heads
together to permit cooling water circulation
through the three cylinder heads), and install
thermostat housing (outlet) and gasket to the
front head. A blank plate and gasket are
used at the rear head.

Figure 2-50. Torquing Sequence

Valve Rocker Arm and Shaft Assembly

The valve rocker arm features a bushing.
When the bushing is installed, the split must
locate on the horizontal plane and face the
slipper side of the arm. See Figure 2-51.

e

Figure 2-51. Rocker Arm Assembly

Pressthebushing in so that it will come flush
with the side of the hub which contacts the
rocker arm shaft bracket. Two oil holes
must be drilled in the bushing. They must
be in alignment with the two oil holes pro-
vided on top of the arm to feed the slipper
and the rocker arm to pushrod adjusting
screw with lube oil. Ream bushing I. D.
0.8661 to 0.8669 in., to allow for proper
running clearance with a new rocker arm
shaft diameter. Check shaft O.D. at unworn
area for size, before reaming new bushings
tobeused with old shaft. Running clearance,
0.0005 to 0, 0015 in.
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The valve rocker arm shaft is hollow. Twd-
large holes are drilled through the sha.ft,(

vertically, at locations where the bracket:,;_
to-cylinder head screws are installed. Four

positions on the shaft are drilled through the
shaftfrom one side tothe other, on a horizon-
tal plane. Thisprovides eight oil feed holes,
two for each of four rocker arms. Theyfeed
the bushing with lube oil at the 3 and 9 o'clock
positions.

The valve rocker arm and shaft assembly
must be installed only after the cylinder heads
have been properly torqued down.

The valve lifters must be installed with the
camshaft in place. The pushrods must then
be installed. See Figure 2-52.

Figure 2-52. Installing Valve Lifter

The rocker arms, shaft, springsand brackets
are assembled and secured at each end with
large hex head type plugs. The two bracket-

to-cylinder head bolts must also be in place

before installing the assembly to the head.
The bolts are drilled up through the center,
and a feed hole drilled on side of the bolt
locates inside the rocker arm shaft, on the
assembly, to admit lube oil which originates
(under pressure) from a passage directed to
the bottom of the tapped hole (in the cylinder
head)to feed the bracket bolt.

A heavy paper disc type gasket is used bet-
ween the brackets and cylinder head to pre-
vent oil leakage. Before installing new gas-
kets, remove any part of the old gaskets that
may be adhering to the bracket or head to
assure solid seating.

Tighten the bolts equally and finally torque
to 40 lbs. {t. maximum. See Figure 2-33.
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Figure 2-53. Rocker Arm and Shaft Assy.

When the rocker arm and shaft assembly is
installed onthe engine, carefully check outer
rocker arms for possible binding between
bracket andhex head plug. Rap opposite end
of shaft with hammer to free.

Naturally Aspirated Diesel (END475)

Adjust valve clearance (cold engine setting);
inlet wvalve, 0.014 in. and exhaust valve,
0.018 in.

Turbocharged Diesel (ENDT475)

Inlet valve, 0.014in. and exhaust valve 0.028
in. Squirt engine 0il over valve mechanism
and at valve stems for initial protection.

NOTE

As soon as engine is running, ob-
servetobe sure lubricating oil is
flowing from all rocker arms.

CYLINDER BLOCK
Description

The cylinder and upper crankcase is an in-
tegral casting of alloy cast iron. See Fig-
ure 2-54. It features replaceable wet-type
cylinder sleeves flanged at the top to f{it in
the counterbores on the cylinder block deck.
Three O-ring type seals are employed to
sealthe lower areas of the sleeve at the water
jacket. The O-rings are resistant to oil and
heat.

The standard cylinder sleeve I. D. is 4.527.
This is the only size available. A worn or
scored sleeve must be replaced with a new
sleeve because the piston and piston rings
are also only available in standard size.
Cylinder sleeves may be removed by using
puller J-21376 and sleeve puller shoe J -
21587. See Figure 2-353.



Cylinder Head Installation

- block by twenty 5/8 in. diameter studs, flat
washers and nuts. Use new studs and mani-
fold capscrews at overhaul.

Qil the coarse stud threads lightly with SAE
30 engine oil. Insert studs finger-tight into
block until bottomed, then back them off 1/3
turn. Wipe deck surface to remove oil, etc.
Place cylinder head gaskets in their proper
positions on the block checking that the rubber
seals are correctly positioned in holes of

gasket.

NOTE

Do not water soak or use sealing
compounds or other coatings on
gasket, block or head surfaces.

Set cleaned cylinder heads in place separate-
ly. When in place, apply Permatex No. 2 to
the accessible outer edges of gasket. Lightly
oil all cylinder head stud nut bosses, stud and
nut threads and washers with engineoil. In-
stall washers and nutsfinger-tight. Assem-
ble manifolds using new gaskets, but do not
tighten nuts and capscrews until cylinder
heads aretorqued down. Tightenall cylinder
head stud nuts, one head at a time, using the
following procedure. See Figure 2-11T.

Figure 2 -117,

Cylinder Head Stud Nut
Tightening Sequence

Tighten all stud nuts to 50 Ib. ft. torque,
following sequence in Figure 5. Tightenagain
in sequence, to 100 Ib. ft. torque. Tighten
finally, in sequence, to 175 Ib. ft. When all
stud nuts have been tightened to their speci-
fied torque, the topof the stud shouldbe flush
to three threads above the top of the nut.
After engine run in, cylinder head stud nuts
must be retorqued. Refer to Mack Piston
Ring Set package for detailed instructions.

x
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Each cylinder head is secured tothe cylinder =, Chrome-nickel _alloy.
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CYLINDER BLOCK

An integral water
manifold distributes cool water around the
upper area of the water jacket. The cylinders
are bored to take dry type cylinder liners.
The deck area surface must be flat within
0.002 in. Excessively eroded water holes
developing at deck area must be repaired.
Drill, tap andinstall bronze plug. Mark cen-
ter using cylinder head gasket as a template
and drill new water hole. Finish plugoff flat
with deck surface. Do not mill deck surface
if piston head will protrude more than 0. 020
in. above cylinder deck surface. Removeall
core hole plugs toremove rust scale and silt
deposits from water compartments. Use new
O-rings and coat with sealing compound
National Machine Products Oil and Water
Sealer, or equivalent, when reinstalling
plugs.

Cylinder Liner

Dry type special alloy iron. Part number is
etchedon O.D. of liner. Free O.D is35.0945
to 5.0955 in. Cylinder block boreis 5. 0945 to
5.0955 in. which allows a liner fit of 0. 0010
looseto 0.0010 in. tight. Cylinderliner I.D.
for $fandard size piston, 4.876 to 4. 877 in.
Cylinder liners available in 0.002, 0.004,
0.006, 0.012, 0. 020, 0.030, 0.040, and0. 050
in. O.D. oversize. Extension of cylinder
liners above cylinder block deck must not vary
more than 0.001 in. under the same head.

When replacing cylinder liners. check cylin-
der block bore. If out-of-round or taper does
not exceed 0.006 in., hone block for 0.002,
0.004, or 0.006 in. oversize liner as re-
quired. If out-of-round or taper exceeds
0. 006 in., bore cylinder block for 0.012 in.
or larger oversize liner as required.

Main bearing caps must be in place and cap-
screws must be torqued when cylinder block
is honed or bored.

Maximum permissible out-of-round or taper
of cylinder liner bore is 0.002 in. Remove
honing grit by swabbing bore with a cloth
saturated with clean SAE 10o0il. Remove all
traces of oil with solvent and blow dry with
clean, dry compressed air. If liner enters
1/2 to 2/3 of the bore, a light press on top of
liner should suffice. Stop pressing when
lineris 1/2 in. from deck, clean counterbore
with compressed air and then seat liner in



Exhaust Valve

. Poppet type. Valve face angle, 30 degrees
+0° /30", Reamed I1.D. of exhaust valve
guide, 0.4995 to 0.5005 in. Valvestemdia-
meter, 0.4955 to 0.4965 in. Stem-to-guide
clearance (service), 0.003 to 0.005 in.
Maximum face runout (service), 0.0015 i-..
Stem-to-rocker arm lash setting, 0.024 in,

cold static, 0.022 in. hot idle. Use new
valve rotators and keys at overhaul.

Inner Valve Spring

Nominal free length, 3-1/32 in. Test for

82.1t090.7 lbs. when compressed to 2-1/32
in. Service limit, 77.2 lbs.

QOuter Valve Spring

Nominal free length, 3-13/32 in. Test for
105.3 to 116.3 lbs. when compressed to 2-
5/32 in. Service limit, 99 lbs.

Rocker Arm Shaft

Shaft O.D., 1.1286 to 1.1291 in. Drilled
for bottomoil feed of rockerarms. Locating
screwassures proper line-up of oilpassage.

Rocker Arm

Ratio 1.8 to 1. Shaft hole diameters, 11,1296
to 1,1301 in. Hole-to-shaft clearance is
0.0005 to 0.0015 in.

Before installing rocker arm and shaft
assembly on cylinder head, he sure to fit
O-ring carefullyin recessat oil passage-to-
rocker arm bracket on top of cylinder head.

Rocker arm bracket capscrew torque, 35 1b.
ft.

Cylinder Head Installation

Each cylinder head is secured to the cylin-
der block by twenty 5/8 in. diameter studs,
flat washers and nuts. Use new studs and
manifold capscrews at overhaul.

Oil of coarse stud threads lightly with SAE
30 engine oil. Insert studs finger-tight into
block until bottomed, then back them oif 1,3
turn. Wipe deck surfaceto removeoil, etc.
Place cylinder head gaskets in their proper
positions on the block checking that the rub-
ber seals are correctly positioned in holes
of gasket.

\}Ib\’.’ﬂ|

NOTE

Do not water soak or use sealing
compounds or other coatings on
gasket, block or head surfaces.

Check cylinder head deck surface and fire
ring groove to be sure they are clean and
free of carbon. Set cleaned cylinder heads
in place separately. Lightly oil all cylinder
head stud nut bosses, stud and nut threads
and washers withengineoil. Installwashers
and nuts finger-tight. Assemble manifolds
using new gaskets, but do not tighten nuts
and capscrews until cylinder heads are tor-
qued down. Tighten all cylinder head stud

nuts, one head atatime, using the following
procedure. See Figure 2-134.

Figure 2-134. Cylinder Head Stud Nut
Tightening Sequence

Tighten all stud nuts to 50 lb. ft. torque,
following sequence in Figure 2-134. Tighten
again in sequence, to 100 1lb. ft. torque.
Tighten finally, in sequence, to 175 lb. ft.
When all stud nuts have been tightened to
their specified torque, the top of the stud
should be flushto threethreads above the top
of the nut. After engine run in, cylinder
head stud nuts must be retorqued. Refer to
Mack Piston Ring set package for run-in
procedure.

CYLINDER BLOCK

Chrome-nickel alloy. An integral water
manifold distributes cool water around the
upper area of the water jacket. The cylin-
ders are bored to take dry type cylinder
liners. The deck area surface must be flat
within 0.002 in. Excessively eroded water
holes developing at deck area must be re-
paired. Drill, tap and install bronze plug.
Mark center using cylinder head gasket as a
template and drill new water hole. Finish
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£ upperareaofthe water jacket. The cylinders
are bored to take dry cylinder liners. The

“Qeck area surface must be flat within 0. 002

Cylinder Head Installation

Eachcylinder head is secured to the cylinder
block by twenty 5/8 in. diameter studs, flat
washers and nuts. Use new studs and mani-
fold capscrews at overhaul.

Oil the coarse stud threads lightly with SAE
30 engine oil. Insert studs finger-tight into
block until bottomed, then back them off 1/3
turn. Wipe deck surface to remove o0il, etc.
Place cylinder head gasketsand fire rings in
their proper positions on the block.

New cylinder head gaskets and fire rings
must be installed each time the cylinder
heads are removed. Clean sealing grooves
in head surface and -liner flanges using a
brass wire rotary brush - absolute cleanli-
ness is essential.

Set cleaned cylinder heads in place separate-
ly. Lightly oil all cylinder head stud nut
bosses, stud and nut threads and washers
with engine oil. Install washers and nuts
finger-tight. Assemble manifolds using new
gaskets, but do not tighten nuts and cap-
screws until cylinder heads are torqued down.
Tighten all cylinder head stud nuts, one head
at a time, using the following procedure.

Cylinder Head Stud Nut
Tightening Sequence

Figure 2 -154,

Tighten all stud nuts to 50 lb. ft. torque,
following sequence in Figure 2-154, Tighten
againinsequence, to 100 lb.ft. torque. Tight-
enfinally, in sequence, to 175 1b. ft. When
all stud nuts have been tightened to their
specified torque, the top of stud should be
flush to three threads above top of the nut.
After engine run-in, cylinder head stud nuts
must be retorqued. Refer to Mack Piston
Ring set package for run-in procedure,

CYLINDER BLOCK

Chrome-nickel alloy. An integral water
manifold distributes cool water around the

in. Excessively eroded water holes develop-~
ing atthe deck area must be repaired. Drill,
tap and install bronze plug. Mark center
using cylinder head gasket as a template and
drill new water hole. Finish plug off flat with
deck surface. Do not mill deck surface if
piston head will protrude more than 0,020 in.
above cylinder deck surface. Remove all
core hole plugsto remove rust scale and silt
deposits from water compartments. Use new
O-rings and coat with sealing compound
National Machine Products Oil and Water
Sealer, or equivalent, when reinstalling
plugs.

Cylinder Liner

Dry type special alloy iron. Part number is
etched on O.D. of liner. Free O.D. is
5.0945 to 35,0955 in. Cylinder block bore is
5.0945 to 5. 0955 in. which allows a liner fit
of 0,001 loose to 0.001 in. tight. Cylinder
liner I.D. for standard size piston, 4.876 to
4.877 in. Cylinder liners are available in
0.002, 0.004, 0,006, 0.012 and 0. 020 inch
O.D. oversize. This liner is provided with
a 3/64 x 0.008 in. high bead at the top outer
edge of the flange. When installing liner, the
flange must extend 0.0035 to 0.0075 inch
above the deck surface. This is taken from
the channel depth, not from top of bead, see
Figure2-155, The head embeds into the fire
ring, whichis a separate part of the cylinder
head gasket. Extension of cylinder liners
above cylinder block deck must not vary
more than 0,001 in. under the same head.
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Figure 2-155, Cylinder Liner Detail

When replacing cylinder liners, check cylin-
der block bore. If out-of-roundor taper does
not exceed 0,006 in., hone block for Q.002,
0.004, or 0.006 in. oversize liner as re-
quired. If out-of-round or taper exceeds
0.006 in., bore cylinder block for 0.012 in.
or larger oversize liner as required.



‘ﬁwashers andnuts. Use new studs and mani-
:’c’ﬂd’capscrews at overhaul.

Ot the coarse stud threads lightly with SAE
30 engine oil. Insert the studs finger-tight
into block until bottomed, thenback them off
1/3 urn. Clean sealing grooves in head
surface and liner flanges using a brass wire
rotarybrush. Absolute cleanliness isessen-
tial. Wipe deck surface to remove oil, etc.
Place cyvlinder head gasketsand fire rings in
their proper positions on the block.

NOTE

New cylinder head gaskets and fire
rings must be installed each time the
cylinder heads are removed. Do not
water soak or use sealing compounds
or other coatings ongasket, block or
head surfaces.

Check cylinder head deck surface and fire
ring groove to be sure they are clean and
free of carbon. Set cleaned cylinder heads
in place separately. Lightly oil all cylinder
head stud nut bosses, stud and nut threads
and washers withengine oil. Install washers
and nuts finger-tight. Assemble manifolds
using new gaskets, but donot tightennutsand
capscrews until cylinder heads are torqued
down. Tighten all cylinder head stud .nuts,
one head at a time, using the following pro-
cedure. Tighten all stud nuts to 50 lb. ft.
torque following sequence in Figure 2-173.
Tighten again, in sequence, to 100 lb. ft.
torque. Tighten finally, in sequence to 175
lb. ft. Whenall studnuts have beentightened
to their specified torque, the top of the stud
should be flush to threethreads above thetop
of thenut., After enginerunin, cylinder head
stud nuts must be retorqued. Refer toMack
Piston Ring set package for run inprocedure,
and do not deviate from it.

Figure 2 -173., Cvlinder Head Stud Nut
Tightening Sequence

CYLINDER BLOCK

.’; _ - o= - -
The cylinder block is an alloy casting with
an integral cast water manifold to distribute
coolant around the upper area of the block.
Drilled passages areincorporated for trans-
fer of coolant to the cylinder head and the
proper distribution of lubricating oil to the
various parts of the engine. The cylinders
are bored to take dry cylinder liners. The
deck area surface must be flat within 0, 0020
inch under area covered by individual head.
Excessively eroded water holes atdeck area
must be repaired. To repair these holes,
drill, tapand install bronze plug. Complete
repair by drilling a new water hole using
cylinder head gasket at template. Finish
plug off flat with deck surface. Do not mill
deck surface if piston head will protrude
more than 0.021 inch above cylinder deck
surface. Remove all core hole plugs to re-
move rust scale and silt deposits from water
compartments. Use new O-rings and coat
with sealing compound National Machine
Products Oil and Water Sealer, or equiva-
lent, when reinstalling plugs.

A machined oil pad is provided on the left
hand side of the cylinder block. Porting in
the pad corresponds to the porting in the oil
pressure relief valve assembly.

Cylinder Liner

The cylinder liners are a special alloy cast
iron with part number etched on O.D. Free
0.D. is 5.0945 to 5.0955 inch. Cylinder
block bor€ is 5.0945 to 5.0955 inch which
allows a liner fit of 0.0010 inch loose to
0.0010 inch tight. Cylinder liner I[.D. for
standard size piston; 4.875 to 4.877 inch.
Cylinder liners available in 0.002, 0.004,
0.006,0.012, 0.020, 0.030, 0.040 and 0.050
inch O.D. oversize., This liner is provided
witha 3/64 inchwide x 0.008 inchhigh bead,
at the top outer edge of the flange. When
installing liner, the f{lange must extend
0.0035to 0.0075 inchabove the deck surface.
This is taken from the channel depth, not
from topof bead. See Figure 2-174. The bead
embeds into the fire ring, which is a sepa-
rate part of the cylinder head gasket.

Extension of cylinder liners above cylinder
block deck must not vary more than 0, Q&d
inch under the same head.

Maximum permissible out-of-round or taper
of eylinder liner bore is 0.003 inch.

YT N
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Cylinder Head Installation

Each cylinder head is secured tothe cylinder

" block by twenty 5,/8 in. diameter studs, flat

washers and nuts. Use new studs and mani-
fold capscrews at overhaul.

Oil the coarse stud threads lightly with SAE
30 engine oil. Insert studs finger-tight into
block until bottomed, then back them off 1/3
turn. Wipe deck surface to remove oil, etc.
Place cylinder head gaskets in their proper
positions on the black checkingthatthe rubber
seals are correctly positioned in holes of
gasket.

NOTE

. Do not water soak or use sealing
compounds or other coatings on
gasket, block or head surfaces.

Set cleaned cylinder headsin place separate-
ly. When :i.. place, apply Permatex No. 2 to
the accessible outer edges of gasket. Lightly
oilall cylinder head stud nut bosses, stud and
nut threads and washers with engine oil. In-
stall washers and nuts finger-tight. Assem-
ble manifolds using new gaskets, but do not
tighten nuts and capscrews until cylinder
heads are torqued down. Tightenall cylinder
head stud nuts, one head at a time, using the
following procedure. See Figure 2-194,

Figure 2-194. Cylinder Head Stud Nut
Tightening Sequence

Tighten all stud nauts to 50 lb. ft. torque,
following sequence in Figure 5. Tightenagain
in sequence, to 100 lb. ft. torque. Tighten
finally, in sequence, to 175 Ib. ft. When
all stud nuts have been tightened to their
specified torque, the top of stud should be
flush to three threads above top of the nut.
After engine run in, cvlinder head stud nuts
must be retorqued. Refer to Mack Piston
Ring set package for run-in procedure.

M
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CYLINDER BLOCK

Chrome-nickel _alloy. An integral .water
manifold distributes cool water around the
upper area of the waier jacket. The cylinders
are bored to take dry cylinder liners. The
deck area surface must be flat within 0. 002
in. Excessively eroded water holes develop-
ingat the deck area mustberepaired. Drill,
tap and install bronze plug. Mark center
using cylinder head gasket as a template and
drillnew water hole. Finishplug off flat with
deck surface. Do not mill deck surface if
piston head will protrude more than 0. 020 in.
above cylinder deck surface. Remove all
core hole plugs toremove rust scale and silt
deposits from water compartments. Use new
O-rings and coat with sealing compound
National Machine Products Oil and Water
Sealer, or equivalent, when reinstalling
plugs.

Two oil galleries are provided, the main oil
gallery and another directly below which
supplies oil for piston cooling. Tapped pass-
ages from lower oil gallery index with jet
spray nozzles which spray cooling oil on the
underside of the pistons.

Cylinder Liner

Dry type special alloy iron. Part number is
etched on O.D. of liner. Free O.D. is
5. 0945 to 5.0955 in. Cylinder block bore is
5.0945 to 5.0955 in. which allows a liner fit
of 0.001 loose to 0.001 in. tight. Cylinder
liner I.D. for standard size piston, 4.876
to 4.877 in. Cylinder liners available in
0.002, 0.004, 0.006, 0.012, 0.020, 0.030.
0.040 and 0.050 in. O.D. oversize. Exten-
sion of cylinder liners above cylinder block
deck mustnot vary morethan 0. 001 in. under
the same head. See Figure 2-195.

When replacing cylinder liners, check cylin-
der block bore. Ifout-of-roundor taper does
not exceed 0.006 in., hone block for 0.002,
0.004, or 0.006 in. oversize liner as re-
quired. If out-of-round or taper exceeds
0.006 in., bore cylinder block for 0.012 in.
or larger oversize liner as required.

Main bearing caps must be in place and cap-
screws must be torqued when cylinder block
is honed or bored.

Maximum permissible out-of-round or taper
of cylinder liner bore is 0.003 in.



- f_gc}limer Head Installation
:_Each cylinder head is secured to the cylin-
<der block by twenty 5/8 inchdiameter studs,
flat washers and nuts. Use new studs and
manifold capscrews at overhaul.

Oil the coarse stud threads lightly with
SAE 30 engine oil. Insert the studs finger-
tight into block until bottomed, then back
them off 1/3 turn. Clean sealing grooves
in head surface and liner flanges using a
brass wire rotary brush. Absojute cleanli-
ness is essential. Wipe deck surface to re-
move oil, etc. Place cylinder head gaskets
and fire rings in their proper positionson
the block.

NOTE

New cylinder head gaskets and fire
rings must be installed each time
the cylinder heads are removed.
Do not water socak or use sealing
compounds or other coatingson gas-
ket, block or head surfaces.

Check cylinder head deck surface and fire
ring groove to be sure they are clean and
free of carbon. Set cleaned cylinder heads
in place separately. Lightly oil all cylinder
head stud nut bosses, stud and nut threads
and washers withengineoil. Install washers
and nuts finger-tight. Assemble manifolds
using new gaskets, but do not tighten nuts
and capscrews until cylinder heads are tor-
qued down. Tighten all cylinder head stud
nuts, one head at a time, using the following
procedure. Tighten all stud nuts to 50 1b.

ft. torque following sequences in Figure2 2186.

Tighten again, in sequence, to 100 lb. ft.
torque. Tighten finally, in sequence, to
175 1b. ft. When all stud nuts have been
tightened to their specified torque, the top
of the stud should be flush to three threads
above the top of the nut. After engine run
in, cylinder head stud nuts must be retor-
qued. Refer to Mack Piston Ring set pack-
age for run in procedure, and do not deviate
from it.

Figure 2-216. 'Cylinder Head Stud Nut
Tightening Sequence

CYLINBER BLOCK

£

The cylHder block is an-alloy casting with

an integral cast water manifold to distribute
coolant around the upper area of the block.
Drilled passages areincorporated fortrans-
fer of coolant to the cylinder head and the
proper distribution of lubricating oil to the
various parts of the engine. The cylinders
are bored to take dry cylinder liners. The
deck area surface must be flat within 0.0020
inch under area covered by individual head.
Excessively eroded water holes at deck area
must be repaired. To repair these holes,

drill, tap, and install bronze plug. Com-
plete repair by drilling a new water hole
using cylinder head gasket as template.
Finish plug off flat with deck surface. Do
not mill deck surface if piston head will pro-
trude more than 0.020 inch above cylinder
deck surface. Remove all core holeplugs to
remove rust scale and silt deposits from
water compartments. Use new O-rings and
coat with sealing compound National Machine
Produces Oil and Water Sealer or equivalent,
when reinstalling plugs. '

Two oil galleries are provided: the main
oil gallery and another directly below which
supplies oil for piston cooling. Tapped
passages from the lower oil gallery index
with jet spray nozzles which spray cooling
oil on the underside of the pistons.

Cylinder Liner

The cylinder liners are a special alloy cast
iron with part number etched on O.D. Free
0.D. is 5.0845 to 5.0955 inch. Cylinder
block bore is 5.0945 to 5.0955 inch which
allows a liner fit of 0.0010 inch loose to
0.0010 inch tight. Cylinder liner I.D. for
standard size piston, 4.875 to 4.877 inch.
Cylinder liners available in 0,002, 0.004,
0.006, 0.012, 0.020, 0.030,0.040 and 0.050
inch O0.D. oversize. This liner is provided
with a 3/64 inchwide x 0,008 inchhigh bead,
at the top outer edge of the flange. Whenin-
stalling liner, the flange must extend 0.0035
to 0.0075 inch above thedeck surface. This
is taken from the channel depth, not from top
ofbead. See Figure 2-217. The bead embeds
into the fire ring, which is a separate part
of the cylinder head gasket.

Extension of cylinder liners above ¢cylinder
block deck must not vary more than 0.001
inch under the same head.

Maximum permissible out-of-round or taper
of cvlinder liner bore is 0.003 inch.

—— o w m = v

(




Inspect oil pan for dents, cracks and condi-
tion of flange, bolt holes for elongation and
baffle for security. Inspect drain hole for
condition of threads.

Installation
Position gasket on oil pan and position oil
pan on cylinder block. Install and tighten

oil pan retaining capscrews evenly to pre-
vent oil leakage.

CYLINDER HEAD STUDS

Inspection

Check cvlinder head studs for condition of
threads, and straightness of shank.

Installation
Applya light coat of lubricating oil to threads

of studs and install them in cylinder block
finger-tight, then back off 1/3 turn.
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Figure 2 -301. Auxiliary Drive and
Injection Pump Lubricatioa
OIL PAN CYLINDER HEAD INSTALLATION
Inspection

CAUTION

New cylinder head gaskets and fire
rings must be installed each time
cylinder heads are removed.

Place cylinder head gasket over studs on
cylinder block. Be sure that all passages
are open and not blocked by gasket. Make
surefirerings areproperly positioned. Cyl-
inder gaskets are precocated; no soaking,
coating or sealants are required. Use gas-
kets as received.

Position cylinder head over studs and gently
onto cylinder block.See Figure2-302, Be sure
no foreign material is in cylinder.

Install cylinder head stud washers and nuts.
Torque cylinder swtud nuts in progressive
steps of 50 Ib. ft. using proper tightening
sequence. See Tigure2-303.

-



Installation

1. Install rocker armassembly to cylinder
head. "Be sure rocker arm bracket with oil
hole is over O-ring seal,

2. Install rocker arm bracket capscrews
and tighten to proper torque.

VALVE LASH ADJUSTMENT

The valve lash onstandard non-brake engines
can be adjusted cold static or hot idle; how-
ever, the valve lash on engines fitted with
the Dynatard engine brake system can only
be adjusted cold static.

To Adjust Valve Lash Cold Static

(Water Temperature Below 100 Degrees F.)

The valve lash for inlet and exhaust valves
are adjusted in firing order with corres-
ponding cylinder pistonat TDC. Firingorder
for these engines is 1-5-3-6-2-4.

1. Set No. 1 cylinder piston TDC by use of
tirming marks on the vibration damper or
flywheel.

2. Adjustinletvalve lash (coldstatic) 0.0186
inch and exhaust 0.024 inch.

NOTE

Engines with Dynatard brake system
use special exhaust valve adjusting
tool MVT-36-6 and press downward
withhand onexhaust adjusting screw
while gaging valve lash.

3. Following No. 1 cylinder adjustment,
turn crankshaft 1.3 turn clockwise in direc-
tionand place No. Scylinder at TDC. Adjust
valves as outlined in step 2.

4. Continueadjusting valve lashfor the re-
maining cylinder pistons in firing order
placing each cylinder piston at TDC with re-
spective 1/3 turns of the engine crankshaft.

5. Properly secure adjusting screw locknut
after each cylinder piston valve lash adjust-
ment.

To Adjust Valve Lash Hot Idle

(Not Recommended for Engines with the
Dynatard Engine Brake System)

1. Start engine and warm up to normal op-
erating temperature.

2¥ Set valve lash at hot idle (600 to 630
) inlet valve 0.014 inch, exhaust Q.022

inafy. L

3. Properlysecure adjusting screw locknut
after each cylinder piston valve lash adjust-
ment.

WATER OUTLET MANIFOLD

Inspection

Inspect water outlet manifold for restric-
tions. Check mounting flanges for cracks
and straightness.

Installation

Place new hose and clamps between front
half and rear half of the water outlet mani-
fold. Placenew gaskets between water mani-
fold and cylinder head. Install and tighten
attaching capscrews to the proper torque.
Position hosesand hose clamps as applicable.

Install thermostat and by-pass fitting and
thermostat housing cover and seal as appli-
cable. See Figure2-307.

Figure 2 -307. Installing Thermostat
(Non-EST)

NOTE

Thermostat on ESI engines located
infront water manifold behind water
conditioner and water fitting.

WATER PUMP

Description

The water pump is a centrifugal-rotor type,
V-belt driven from the crankshaft. The
pump cover contains the grease cavity and
provisions for two, single row, ball bear-
ings which support the shaft. The bearings
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¥ engine are of identical length and inside
£ diameter.
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Figure 2-310, Installing Air Compressor

The air compressor is ''phased' or "timed"
tothe engine. A toothin the bore of the fiber
coupling is shaved down to clear a pin in the
drive coupling. The compressor can be in-
stalled only one way. If difficulty is expe-
rienced, rechecktoinsure coupling and drive
are in proper mesh.

Current production engines do not require
phasing or timing. The pin has been omitted
from the drive coupling.

Be sure o0il transfer tube is tight in end of
auxiliary driveshaft,

Position air compressor adapter ring, if
used, into auxiliary housing counterbore.
Place gasket on air compressor and position
on auxiliary housing. Install and torque air
compressor retaining capscrews or nuts.

| WARNING l

Recheck auxiliary shaft end float
after installing air compressor or
vacuum pump.

FUEL INJECTION LINES, HIGH PRESSURE
Description

Fuel injection lines are seamless cold-
drawn high tensile steel. All lines on one

Inspection

Inspect fuel injection line for chafing, dents,
nicks or sharp bends. Check fittings, seat

‘and threads for condition. Check lines to be

sure they are not restricted.
Installation

Install fuelinjection nozzles. Install fuel in-
jection lines and be sure brackets are prop-
erly positioned to prevent lines from chafing.

The lines should fit without difficulty if they
havenot been changedaround. NEVER BEND
THE LINES TO MAKE THEM FIT.

Torque fuel injection lines at injection nozzles
and pump locations. Torque injection line
brackets.

INLET MANIFOLD

Inspection

Inspect inlet manifoldfor restrictions. Check
mounting flanges for erosion, cracks and
straightness.

Instailation
Place newgaskets between inlet manifold and

cylinder head. Install and tighten attaching
capscrews to the proper torque.

EXHAUST MANIFOLD

Inspection

Inspect the exhaust manifold for restrictions.
Check mounting flanges for erosion, cracks
and straightness.

Installation

Place new gaskets between exhaust manifold
and cylinder head. Install and tighten the

attaching washers and nuts to the proper
torque.

A emA



oy

(AL

~ROCKER ARM COVERS
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Inspection

Inspect rocker arm covers for cleanliness,
dents and straightness of flange. Check
breather in cover, if applicable, to be sure
it is not plugged.

Installation

Cement new gasket to mounting flange of
rocker arm cover.

Position cover over rocker arms; install and

torque cover retaining capscrews or nuts as
applicable.

TURBOCHARGER
Description

The turbocharger is an exhaust gas driven
air compressor. See Figure2-311, The pur-
pose of the turbocharger is to increase the
supply of air to the cylinders and thus burn
more fuel which in turn produces more
power,
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Figure 2 -311, Exhaust DrivenTurbocharger

The turbocharger consists of three main
parts; the turbine housing, the bearing hous-
ing and the compressor housing. The tur-
bine housing is located at one end of the
bearing housing and the compressor housing
is located at the other end. A common shaft
connects the turbine wheel and compressor
wheel.

The turbine end of the turbocharger uses
exhaust gas energy normally discharged to
the atmosphere. The exhaust gas enters the
turbocharger through the flange connection
on the exhaust manifold. The exhaust gas

flows ground the turbine housing and radially
inwar® causing the turbine wheel to rotate.
The eshaust gas is then discharged through
the center of the turbine housing into the
exhaust pipe.

The bearing housing contains the through-
shaft, bearings, seals, and oil passages.

The bearings are of the floating sleeve type
and are pressure lubricated from the engine
oil supply system. Piston ringtype oil seals
are used at each end of the shaft to effec-
tively seal off the oil.

The compressor housing contains the com-
pressor wheel and air enters at the center
of the compressor wheel and flows radially
outward into the compressor housing. The
air leaves through a tangential outlet on the
outside of the compressor housing and is
ducted to the inlet manifold.

Checks Before Removal

If turbocharger malfunction is suspected,
make the following checks before removal of
turbocharger from the engine.

1. Start engine and check for unusual noise
or vibration'from turbocharger. This will
indicate out-of-balance, rubbing or damage
to compressor or turbine wheels.

2. Check for leaks in the air system from
turbocharger to intake manifold and from
intake manifold to cylinder block. Be sure
all bolts, clamps and connections are tight
and gaskets are not blown and are in proper
location.

3. Check air cleaner and air intake system,
from the air cleaner to turbocharger, for
restrictions to air flow or leaks.

4. Check exhaust system, from cylinder
block to turbocharger, for exhaust leaks. Be
sure all bolts, clamps and connections are
tight and gaskets are not blown and are in
proper location.

5. Check exhaust systemfrom turbocharger
to outlet for restrictions.

6. Check turbine wheel for radial and axial
looseness. If radial and/or axial looseness
is excessive, the turbocharger will have to
be removed for overhaul. If turbocharger
has to be overhauled, consult your Mack
Branch or Distributor for details on turbo-
charger exchange program.




Cleaning

The compressor end of the turbocharger

. shouldbe cleaned after 1000 to 2000 hours of

operation. If the compressor wheel is not
too dirty, it can be cleaned with the turbo-
charger on the engine.

Disconnect- compressor discharge flange;
remove the capscrews or clamp ring that
holds the compressor housing to the bearing
housing, and pull compressor housing care-
fully along turbocharger axis to prevent
damage to the compressor wheel or the
diffuser.

Use Bendix Metal Cleaner or equivalent sol-
vent to clean compressor wheel. Do not use
a caustic solution or any other type that may
attack aluminum, as this will either weaken
the impeller or destroy its balance. Do not
use a wire brush or scraper; a brush with
nylon or hog bristles is preferred.

If compressor wheelis {oundtobe very dirty,
remove turbocharger from the engine for
cleaning. With compressor housing removed,
immerse compressor wheelinto the cleaning
fluid and allow to soak. Use care not to rest
weight of turbocharger on compressor wheel
or on end of shaft.

The turbine end of turbocharger can be
cleaned only after removal from the engine
and separation of the bearing housing from
the turbine housing.

Installation Guide

Use the following steps as a guide when in-
stalling turbocharger to engine.

1. - Inspectair intake systemfor cleanliness,
leakage and foreign material.

2. Inspect exhaust manifold for foreign
material.

3. Inspect oil drain line to be sure it is not
clogged or restricted.

4. Inspect oil supply line for restriction,
deterioration or possibility of leaking under
pressure. Be sure check valve is working
properly and not restricted.

5. Inspect turbocharger mounting pad, on
exhaust manifold, for erosion, flatness and
to be sure old gasket is removed.

6. Place new gasket on exhaust manifold,
position turbocharger and install attaching
bolts.

\N‘M‘.ﬂ|

7. Connectoil inlet line and oil drain line to
turbocharger.

8. Connect compressor inlet and outlet pip-
ing. Check to be sure all clamps and bolts
are tight. Be sure piping is not producing
strain on compressor cover.

9. Crank engine, without firing, until a
steady flow of oil is noted coming from the
oil drain outlet of the turbocharger.

10. Stop cranking engine and connect oil
drain line to engine. Be sure drain line
slopes downward throughout its length with
no sharp bends or kinks,

ENGINE BREAK-IN PROCEDURE AFTER
OVERHAUL OR REBUILD

Comparative tests and careful review of en-
gine break-in methods have proven that a
short run under full load is substantially
more effective than the light or no load slow
speed increase type of break-in. Compat-
ibility between the critical components
(piston, rings and bores)is greatly improved
by raising engine speed and applying full load
immediately after warm-up.

Use the recommended type and grade engine
oil and fuel as required for usual operation
of the vehicle.

Immediately prior to initial starting of the
engine, the fuel system, oil galleries and
filters are tobe primed preferably by means
of a pressure tank.

Check the air intake system to be sure all
joints are tight and the f{ilter element and
system are clean.

After break-in procedure is complete, re-
check cylinder head stud nut torque and valve
clearance adjustment.

NOTE

Torque cylinder head studs. Back
off each nut individually in proper
sequence. See Figure 3-303. Oil
threads and washer and tighten to
the recommended torque.

When the vehicle is put into service, treat
the engine as though it were new and follow
the "Breaking in a New Vehicle" instructicns
listed in the Operation Manual.
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Position inner and outer valve springs overjv

the exhaust and intake valves. Position the

rotator washers over the valve stems and ==,
install keys using a suitable tool to compress

valve springs.
CYLINDER BLOCK
Description

The cylinder block is an alloy casting with
an integral cast water manifold to distribute
coolant around the upper area of the block.
Drilled passagesare incorporated for trans-
fer of coolant to the cylinder head and the
proper distribution of lubrication oil to the
various parts of the engine.

Check cylinder block deck surface for warp-
age. If warpage is excessive, be sure that
the maximum amount of material removal
limit is not exceeded.

CAUTION

The pistontravel above the cylinder
block deck is critical and must be
checked during assembly to insure
proper clearance of piston withcyl-
inder head and valves.

Remove all core plugsand fittings from cyl-
inder block and remove any accumulation of
rust and sludge. Check block for cracks,
condition of threaded holes and straightness
of mating flanges.

Coat new O-rings withsealant, place on core
plugs and install plugs in block. Install all
oil galleryplugs and gaskets using Permatex
sealant or equivalent, to insure positive
sealing.

Cylinder Liners, Dry Type

Cylinder liners are of a special alloy and
are available in O.D. oversizes I.D. of all
liners are standard size.

NOTE

Use boltsand washersto retaincyl-
inder liners as soon as heads are
removed. See Figure 2-321.

Figure 2-321. Method of Retaining Cylinder
Liner

Cleanliner flanges usinga brass wirerotary
brushto be sure of effective fire ring sealing.
Check cylinder liner for out-of-round and
taper. Usetool J5347-01, see Figure 2-322
and measure each liner I.D. Take readings
in two directions at each of at least three
levels.See Figure 2-323. Check cylinder liner
height above cylinder block. Use gage,
Sweeney 6020.See Tigures 2-324and 2-325.

Figure 2-322,Cylinder Liner Bore
Measuring Tool
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Inspection

1. Inspect the auxiliary shaft journals for
wear and galling.

2. Inspect gear for wear pattern, cracked,
chipped or broken teeth.

3. Inspect keyway slot on end of shaft for
nicks and burrs.

4. Inspect the oil passage in the threaded
end of the shaftand journal to insure it is not

plugged.

Installation

1. Apply a light coat of oil to the jourmals
and gear of the auxiliary shaft and position
the auxiliary drive shaft inthe cylinder block.

2. Install oil pumpdriving gear key inposi-
tion on threaded end of auxiliary shaft.

3. Hold shaft in position and install the oil
pumpdriving gear. Secure in position byin-
stallingthe tabbed lockwasherand nut. Tor-
que nut and lock by bending tabs.

4. Install new compressor oil tube using
tool J21910.

5. Complete assembly by installing tacho-
meter drive, compressor and power steering
pump.
NOTE
It is good assembly procedure to

back the thrust buttonout before in-
stalling the timing gear cover.

Adjusting Auxiliary Shaft End Play

1. Clean threads of thrust button and back
locknut out toward allen head. This will in-
sure the thrust button will bottom auxiliary
drive shaft before locknut contact timing
gear cover,

2. Run thrust button in until it bottoms
against the auxiliary driveshaft. Turn an
additional turn on thrust button to insure
auxiliary shaft is against the thrust plate.

3. Snug but do not tighten locknut against
the timing gear cover.

4. Back out the thrust button assembly and
insert proper feeler gauge between the lock-
nut and timing gear cover.

5. Adjustthe proper shaft endplay byturning
thrust button assembly in or out.

6. After the proper end play has beenestab-
lished, remove feeler gauge and securely
hold thrust button assembly and lock adjust-
ment by running locknut against the timing
gear cover.

Tachometer Drive Assembly

Inspect tachometer shaft for wear and gear
for chipped, cracked or broken gear teeth.
Check housing bore for wear and flange for
straightness and condition of holes.

Lubricate tachometer shaft and gear and po-
sition in tachometer housing.

Install tachometer drive assemblyand gasket
on auxiliary drive housing. See Figure 2-
334.

Figure 2-334. Installing Tachometer Drive
Assembly

INJECTION PUMP DRIVE ASSEMBLY
Description

The injection pump drive assembly consists
of an aluminum drive housing, a2 shaft with
integral flangeand tangs, drivengearand in-
jection pump drive hub. See Figure 2-335.
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OIL PAN
Inspection

Inspect oil pan for dents, cracks and condi-
tion of flange, bolt holes for elongation and
baffle for security. Inspect drain hole for
condition of threads.

Installation
Position gﬁsket on oil pan and position oil
pan on cylinder block. Install and tighten

oil pan retaining capscrews evenly to pre-
vent oil leakage.

CYLINDER HEAD STUDS

InsEection

Check cylinder head studs for condition of
threads, and straightness of shank.

Installation
Apply a light coat of lubricatingoil to threads

of studs and install them in cylinder block
finger-tight, then back off 1.3 turn.

CYLINDER HEAD INSTALLATION

CAUTION

New cylinder headgasketsand fire
rings must be installed each time
cylinder heads are removed.

Place cylinder head gasket over studs on
cylinder block. Besure that all passages
are open and not blocked by gasket. Make
surefirerings are properlypositioned. Cyl-
inder gaskets are precoated; no soaking,
coating or sealants are required. Use gas-
kets as received.

Position cylinder head over studs and gently
onto cylinder block. See Figure 2-379. Be
sure no foreign material is in cylinder.

Apply a light coat of oil to the cvlinder head

studwashers andnuts and install inposition.
Torque cylinder stud nuts in progressive
steps of 50 lb. ft. using proper tightening
sequence. See Figure 2-380,
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Figure 2-387. Intercooler Core Assembly

Cleaning

The cooling side of the intercooler core can
be cleaned by either of the following methods:

1. Steam Cleaning.

CAUTION

Steam pressures above 40psiand/or
temperatures above 400 degrees F.
can damage core and gaskets,

2. Detergent Cleaning.

Use a solution of household laundry deter-
gent. Flush through the core several times
followed by a rinse with warm water. Use
low pressure air to blow dry.

CAUTION

Do notunder any circumstances use
strong caustic solutions, i.e.,
"Qakite''oracid, i.e., hydrochloric
acid, bowl cleaners, etc., as they
will corrode the core and damage
gasket. Also do not use shop sol-
vents to clean core as gasket dam-
age will result.

Seal Removal
1. Pull off old gaskets.
2. With a razor blade or sharp knife, cut

4wWay excessive bona.ng material,

NOTE

It is not necessary to remove all
the bonding material out of the de-
pressedareas since the new gasket
- will seal perfectly to the slightly
uneven old gasket surface.

3. Remove all loose shavings and cuttings.

Seal Replacement

NOTE

Unit must be clean and dry before
attempting seal replacement.

1. Place unit on flat work bench, gasket
surface up. (Turbocharger airflow arrow
up or down.)
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-~ ®. “Soak clean rag with alcohol or trichlor-
thylene, and swab old gasket surface and

-aew gasket to remove all oily residue.

3. Run a "bead' of bonding agent all around

the surface to be gasketed, leaving no open

gaps.

4. Place gasket on core and adjust into
place.

CAUTION

Refer to diagrams on gasket ship-
ping container for proper installa-
tion position.

5. Invert the intercooler and repeat 2, 3
and 4 for the second gasket.

NOTE

If the end seals are damaged, pro-
ceed with steps 6 and 7, otherwise,
omit these steps andproceed with8.

6. Swab the end plates of the intercooler
with alcohol or trichlorethylene. Swab the
new end seals with alcohol or trichlor-
ethylene.

7. Run adouble bead of bonding agenton the
end seals and press into place on the end
plates. Hold the end seals in position with
string or tape wrapped around the entire
unit.

8. Check all the gaskets to make sure they
have not shifted during handling.

NOTE

Gaskets may be adjusted during the
first 5 minutes while the bonding
agent is curing.

9. Let the entire unit stand undisturbed for
1-1/2 hours minimum before installing.

Visually inspect the bond to make sure that
the gasket is firmly attached all the way
around. Gaps which are found should be
filled with additional bonding agent. Let
cure.

NOTE

Wipe manifold or gasket surfaces
with talcum powder or Dow Corning
44 silicone grease before installing
in manifold to prevent gasket stick-
ing. '

* NOTE

Do Tiot use petroleum base grease
or oBfor this purpose.-

WATER PUMP

Description

The water pump is a centrifugal-rotor type,
V-belt driven from the crankshaft. The
pump cover contains the grease cavity and
provisions for single and double row ball bear -
ings which support the shaft. The bearings
are sealed on one side to retain grease. A
vent fitting replaces the usual grease fittirg
because the initial pack of grease, 1/3 full,
should suffice for the life of the pump. A
cartridge-type water seal with synthetic rub-
ber bellows and carbon ring form an effective
water-tight seal.

The housing, which comprises the volute
(rotor casing) and water outlet to the engine
is also the pump mounting.

It is usually more economical toobtain a re-
built exchange water pump than to overhaul
the old one. Contact your Mack Branch or
Distributor for rebuilt exchange water
pumps.

INJECTION PUMP INSTALLATION

1. Bar engine in normal direction of rota-
tion until No. 1 cylinder is on compression
stroke and flywheel timing mark indicates
correct number of degrees BTCrecommend-
ed on valve cover escutcheion plate. The in-
jection pump driveshaft flange lugs should
now be in a horizontal plane andindexing pin
hole at 4 o'clock position, loocking at face of
shaft flange.

2. Grease front (non-counterbored) face of
couplinga nd mount on pump driveshaft flange
with long end of offset indexing pin pointing
rearward and center the coupling ring later-
ally.

3. Remove pump adapter inspection hole
cover.

4. Rotate pump coupling driven flange until
lugs arein a vertical plane and indexing hole
is at 7 o'clock position, looking from drive
end of pump. See Figure 2 -389.
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Figure 2-392. Installing Air Compressor

The oil transfer tube is assembled loose at
both ends of auxiliary driveshaft.

Place silastic on air compressor mounting
face and position on auxiliary housing. In-
.stall and torque air compressor retaining

capscrews.
| WARNING I

Recheck auxiliary shaft end float
after installing air compressor.

FUEL INJECTION LINES, High Pressure

Description

Fuel injection lines are seamless cold-drawn
high tensile steel. All lines on one engine
are of identical length and inside diameter.

Insgect'xon

Inspect fuel injection linefor chafing, dents,
nicks or sharp bends. Check fittings, seat
and threads for condition. Check lines to be
sure they are not restricted.

Installa.? n

B - - . -
Install fuél injection nozzles. Install fuelin-
jection lines and be sure brackets are prop-
erly positioned to prevent linesfrom chafing.

The lines should fit without difficulty if they
have not been changedaround. NEVER BEND
THE LINES TO MAKE THEM FIT,

Torque fuel injection lines at injectionnozzles
and pump locations. Torque injection line
brackets.

INTAKE MANIFOLD
Description

Cast aluminum manifold provides the dis-
tribution point of the turbocharged after-
cooled air and seat for the intercooler core.
An integral part of the manifold is the front
water manifold. This designfeature permits
the use of one compact and simple housing.

The thermostat housing is placed in the inlet
end of the front water manifold. The coolant
conditioner bolts to the flange of the front
water manifold.

Inspection
Inspect intake manifold for restrictions.

Check mounting flanges for erosion, cracks
and straightness.

Installation
Place new gaskets between intake manifold

and cylinder head. Install and tighten at-
taching capscrews to the proper torque.

EXHAUST MANIFOLD
Inspection

Inspect the exhaust manifoldfor restrictions.
Check mounting flanges for erosion, cracks
and straightness.

Installation

Place new gaskets between exhaust manifold
and cylinder head. Install and tighten the
attaching washers and nuts to the proper
torque.

- - b
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ROCKER ARM COVERS

InsEe ction

Inspect rocker arm covers for cleanliness,

dents and straightness of flange. Check
breather in cover, if applicable, to be sure
it is not plugged.

Installation

Cement new gasket to mounting flange of
rocker arm cover.

Positioncoverover rockerarms; install and
torque cover retaining capscrews or mts as
applicable.

TURBOCHARGER
Description

The turbocharger is an exhaust gas driven
air compressor. See Figure 2-393. The
purpose of the turbocharger is to increase
the supply of air to the cylinders and thus
burn more fuel which in turn produces more
power,
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Figure 2-393. ExhaustDriven Turbocharger

The turbocharger consists of three main
parts; the turbine housing, the bearing hous-
ing and the compressor housing. The tur-
bine housing is located at one end of the
bearing housing and the compressor housing
is located at the other end. A common shaft
connects the turbine wheel and compressor
wheel.

The turbine end of the turbocharger uses
exhaust gas energy normally discharged to
the atmosphere. The exhaust gas enters the
turbocharger through the flange connection
on the exhaust manifold. The exhaust gas
flowsaround the turbine housing and radially
inward causing the turbine wheel to rotate.
The exhaust gas is then discharged through
the center of the turbine housing into the
exhaust pipe.

¥. The bearing housing contains the through-
£ shaft, bearings, seals and oil passages.

-, . - -

The bearings are of the floating sleeve type
and are pressure lubricated from the engine
oil supply system. Piston ring type oil seals
are used at each end of the shaft to effec-
tively seal off the oil.

The compressor housing contains the com-
pressor wheel and air enters at the center
of the compressor wheel and flows radially
outward into the compressor housing. The
air leaves through a tangential outlet on the
outside of the compressor housing and is
ducted to the inlet manifold.

Checks Before Removal

If turbocharger malfunction is suspected,
make the following checks before removal of
turbocharger from the engine:

1, Start engine and check for unusual noise
or vibration from turbocharger. This will
indicate out-of-balance, rubbing or damage
to compressor turbine wheels.

2. Check for leaks in the air system from
turbocharger to intake manifold and from
intake manifold to cylinder block. Be sure
all bolts, clamps and connections are tight
and gaskets are not blown and are in proper
location.

3. Checkair cleanerand air intake system,
from the air cleaner to turbocharger, for
restrictions to air flow or leaks.

4, Check exhaust system, from cylinder
blockto turbocharger, for exhaust leaks. Be
sure all bolts, clamps and connections are
tight and gaskets are not blown and are in
proper location.

5. Checkexhaust system fromturbocharger
to outlet for restrictions.

6. Check turbine wheel for radial and axial
looseness. If radial and/or axial looseness
is excessive, the turbocharger will have to
be removed for overhaul. If turbocharger
has to be overhauled, consult your Mack
Branch or Distributor for details on turbo-
charger exchange program.



The compressor end of the turbocharger
should be cleaned after 1000 to 2000 hours of
operation. If the compressor wheel is not
too dirty, it can be cleaned with the turbo-
charger onthe engine.

Disconnect compressor discharge flange;
remove the capscrews or clamp ring that
holds the compressor housing to the bearing
housing, and pull compressor housing care-
fully alongturbocharge axis to prevent dam-
age to the compressor wheelor the diffuser.

Use Bendix Metal Cleaner or equivalent sol-
vent to clean compressor wheel. Do not use
a caustic solution or anyother type that may
attach aluminum, as this will either weaken
the impeller or destroy its balance. Do not
use a wire brush or scraper; a brush with
nylon or hog bristles is preferred.

1f compressor wheelis found to be very dirty,
remove turbocharger from the engine for
cleaning. With compressor housing removed,
immerse compressor wheel into the cleaning
fluid and allow tosoak. Use care not to rest
weight of turbocharger oncompressor wheel
or on end of shaft.

The turbine end of turbocharger can be
cleaned only after removal from the engine
and separation of the bearing housing from
the turbine housing.

Installation Guide

Use the following steps as a guide when in-
stalling turbocharger to engine:

1. Inspectairintake system for cleanliness,
leakage and foreign material.

2. Inspect exhaust manifold for foreign
material,

3. Inspect oil drain line tobe sure it is not
clogged or restricted.

4. Inspect oil supply line for restriction,
deterioration or possibility of leaking under
pressure,

5. Insp&t turbocharger mounting pad, on
exhaust @anifold, for erosion, flatness and
to be surg old gasket is removed.

o ol - - .
6. Place new gasket on exhaust manifold,
position turbocharger and install attaching
bolts.

7. Connectoil inletline andoil drain line to
turbocharger.

8. Connect compressor inlet andoutlet pip-
ing. Check to be sure all clamps and bolts
are tight. Be sure piping is not producing
strain on compressor cover.

9. Crank engine, without firing, until a
steady flow of oil is noted coming from the
oil drain outlet of the turbocharger.

10. Stop cranking engine and connect oil
drain line to engine. Be sure drain line
slopes downward throughout its length with
no sharp bends or kinks.

TIP TURBINE FAN AIR INTAKE SYSTEM

Descrigtion

A stratatubeair separator provides cleanair
to the tip turbine fan and intercooler core.
QOutside air is drawn through the stratatube
separator before entering the tip turbine fan.
A bleed off type ejector pulls the dirty air
from the separator. See Figure 2-394.

The stratatube air separator has nomoving
parts. All incoming air hits the fixed vanes
inthe separator and is swirled. The heavier,
dirtyair is forced tothe outside of the vanes;
while the lighter, cleaner air exits through
the center. Bleed air from the inlet mani-
fold enters the ejector, creating a partial
vacuum which pulls the dirty air out of the
separator and exhausts it into the atmos-
phere.

Maintenance

Basically, the stratatube air separator re-
quires no maintenance other than a routine
visual inspection making sure all parts are
open and all connections tight.

- — s




Valve Seat Inserts

——1he inlet and exhaust valve seat inserts are

identical except for diameter. Seat angle is
30 degrees -0'/+30'. Seating widthis 1/16 to
3/32 in. Maximum seat runout is 0, 0015 in.
See Figure2 -398.
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Figure 2 -398. Valve Seat Dimensions

Press fit of inlet and exhaust valve seat in-
serts in head is 0, 0025 to 0.0045 in. Stand-
ard inlet valve seat insert O.D., 2.4405 to
2.4415 in. Bore in head for standard inlet
valve seat insert, 2.437 to 2.438 in. Stand-
ard exhaust valve seat insertO.D. is 2. 0855
to 2.0865 in. Bore in head for standard ex-
haust valve seat insert is 2. 082 to 2. 083 in.

Valve seat inserts are available in 0, 015,
0.031, 0.047, and 0.062 in. oversizes.
Shrink insertsin dryice for 20 minutes prior
to installation in head.

Valve Guide
Inlet and exhaust valve guides are made of a

special iron. Valve guide bore in cylinder
head is 0. 6860t00.6870in. Qutside diameter

INLET VALVE EXHAUST VALVE
GUIDE GUIDE
1.0.REAM ——={ 1 |-—-— 1.D.REAM

1-35/64

VALVE SEAT INSERTS 5-34a

Figure 2 -399. Valve Guides

of val¥e guides is 0. 6881 to 0.6886 in. Press
fit of falve guidesin headis 0. 0011 to 0. 0026
in. Psess guides into.head until top of guide
extends above valve spring seating surface
1-35/64 in. See Figure2 -399,

Inlet Valve

Poppet type, chrome-silicon steel. Valve
face angle, 30 degrees, +0'/-30'. Reamed
I.D. of inlet valve guide, 0. 4995 to 0.5005 in.
Valve stem diameter, 0.4965 to 0,4975 in.
Stem-to-guide clearance (service), 0.002 to
0.004 in. Maximum face runout (service),
0.0015 in. Stem-to-rockerarm lash setting,
0. 016 in. cold static, 0.014 in. hot idle. In-
stall new oil seals, shields and keys at over-
haul.

Exhaust Valve

Poppet type. Valve face angle, 30 degrees
+0'/-30'. Reamed I.D. of exhaust valve
guide, 0. 4995 to 0.5005 in. Valve stem dia-
meter, 0.4955 to 0.4965 in. Stem-to-guide
clearance (service), 0.003to 0. 005in. Maxi-
mum face runout (service), 0. 0015 in. Stem-
to-rocker arm lash setting, 0.024 in. cold
static, 0,022 in. hot idle. Use new valve
rotators and keys at overhaul.

Inner Valve Spring

Nominal free length, 3-1/32 in. Test for
82.1to 90.71bs. when compressed to 2-1/32
in. Service limit, 77.2 lbs.

Quter Valve Spring

Nominal free length, 3-13/32 in. Test for
105.3 to 116.3 lbs. when compressed to
2-5/32 in. Service limit, 99 lbs.

Rocker Arm Shaft

Shaft O.D., 1.1286 to 1.1291 in. Drilled for
bottom oil feed of rocker arms. Locating

screw assures proper line-up of oil passage.

Rocker Arm

Ratio, 1.8 to 1. Shaft hole diameter, 1.1296
to 1.1301 in. Hole-to-shaft clearance is
0. 0005 to 0.0015 in.

Beforeinstalling rocker arm and shaft assem-
bly on cylinder head, be sure to fit O-ring
carefully in recess at oil passage-to-rocker
arm bracket on top of cylinder head.

Rocker arm bracket capscrew torque, 55
Ib. ft.




Cvlinder Head Installation

Eachcylinder headis secured to the cylinder

" block by twenty 5/8 in. diameter studs, flat

washers and nuts. Use new studs and mani-
fold capscrews at overhaul.

Qil the coarse stud threads lightly with SAE
30 engine oil. Insert studs finger-tight into
block until bottomed, then back them off 1/3
turn. Wipe deck surface to remove oil, etc.
Place cylinder head gaskets in their proper
positions on the block checking that the rubber
seals are correctly positioned in holes of
gasket.

NOTE

Do not water soak or use sealing
compounds or other coatings on
gasket, block or head surfaces.

Set cleanedcylinder heads in place separate-
ly. When in place, apply Permatex No. 2 to
the accessible cuter edges of gasket. Lightly
oil all cylinder head stud nut bosses, stud and
nut threads and washers with engine oil. In-
stall washers and nuts finger-tight. Assem-
ble manifolds using new gaskets, but do not
tighten nuts and capscrews until after heads
have been torqued. Tightenall cylinder head
stud nuts, one head at a time, using the fol-
lowing procedure. See Figure 2-400.

Figure 2 -400. Cylinder Head Stud Nut
Tightening Sequence

Tighten all stud nuts to 50 lb. ft. torque
following sequence in Figure 5. Tightenagain
in sequence, to 100 lb. ft. torque. Tighten
finally, in sequence, to 175 lb. ft. When all
stud nuts have been tightened to their speci-
fied torque, the top of the stud should be flush
to three threads above the top of the nut.
After engine run in, cylinder head stud nuts
must be retorqued. Refer to Mack Piston
Ring set package for run-in procedure.

EYLINDER BLOCK

€brome-nickel -alloy. An integral water
manifold distributes cool water around the
upper area of the water jacket. The cylinders
are bored to take dry type cylinder liners.
The deck area surface must be flat within
0.0015 in. Excessively eroded water holes
developing at deck area must be repaired.
Drill, tapandinstall bronze plug. Mark cen-
ter using cylinder head gasket as a template
anddrill new water hole. Finish plug off flat
with deck surface. Do not mill deck surface
if piston head will protrude more than 0. 018

- in. above cylinder deck surface. Remove all

core hole plugsto remove rust scale and silt
deposits from water compartments. Use new
O-rings and coat with sealing compound
National Machine Products Oil and Water
Sealer, or equivalent, when reinstalling
plugs.

Cylinder Liner

Dry type, special alloy iron, Rockwell C43-
53. Part number etchedon barrel. Standard
size 0.D., 5.1565 to 5.1575 inches.
Cylinder liner I.D. for standard size
piston, 5.0010 to 5.0020 inches to produce
fit of 0.000 to 0.001 inches press.

Shoulder extension, 0.0035 to 0.0075
in. above deck. Extension of liners under
same headshould be within 0.001 in. Liners
available in 0.002, 0.004, 0,006, 0,012 and
0.020in. O.D. oversizes. Maximum out-of-
round or taper of cylinder bore for liner,
0. 002 in.

When replacing cylinder liners, check cylin-
der blockbore. Uout-of-roundor taper does
not exceed 0.006 in., hone block for 0.002,
0.004, or 0.006 in. oversize liner as re-
quired. If out-of-round or taper exceeds
0.006 in., bore cylinder block for 0.012 in.
or larger oversize liner as required.

Main bearing caps must be in place and cap-
screws must be torqued when cylinder block
is honed or bored.

Maximum permissible out-of-round or taper
of cylinder liner bore is 0.002 in. Remove
honing grit by swabbing bore with a cloth
saturated with clean SAE 10 oil. Remove all
traces of oil with solvent and blow dry with
clean, dry compressed air. If liner enters
1/2t02/3 of the bore, a light press on top of
liner should suffice. Stop pressing when
liner is 1/2 in. from deck, clean counterbore
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Outer Valve Spring

Nominal free length, 3-13/32 inch. Test for £
105.3 to 116.3 lbs. when compressed to .=
©2-5/32 inch. Service limit, 99 lbs.

Rocker Arm Shaft

Shaft O.D., 1.1286 to 1.1291 inch. Drilled
for bottom oil feed of rocker arms. Loca-
ting screw assures proper line-up of oil

passage.
Rocker Arm

Ratio, 1.8 to 1, Shaft hole diameter, 1.1296
to 0.0301 inch. Hole-to-shaft clearance is
0.0005 to 0.0015 inch.

Before installing rocker arm and shaft as-
sembly on cylinder head, be sure to fit O-
ring carefully in recess at oil passage-to-
rocker arm bracket on top of cylinder head.

Rocker arm bracket capscrew torque, 35 lb.
ft.

Cylinder Head Installation

Each cylinder head is secured tothe cylinder
block by twenty 5/8 inch diameter studs, flat
washers and nuts. Use new studs and mani-
fold capscrews at overhaul.

O1l the coarse stud threads lightly with SAE
30 engine oil. Insert the studs finger-tight
into block until bottomed, then back them
off 1/3 turn. Clean sealing grooves in head
surface and liner flanges using a brass wire
rotary brush. Absolute cleanliness of essen-
tial. Wipe deck surface to remove oil, etc.
Place cylinder head gaskets and fire rings in
their proper positions on the block.

NOTE

New cylinder head gaskets and fire
rings must be installed each time
the cylinder heads are removed. Do
not water soak or use sealing com-
pounds or other coatings on gasket,
block or head surfaces.

Check cylinder head deck surface and fire
ring groove to be sure they are clean and
free of carbon. Set cleaned cylinder heads
in place separately. Lightly oil all cylinder
head stud nut bosses, stud and nut threads
and washers with engine oil. Install washers
and nuts finger-tight. Assemble manifolds
using new gaskets, but do not tighten muts
and capscrews until cylinder heads are tor-
qued down. Tighten all cylinder head stud

— Nuts, one head at a time, using the following

procedure. Tighten all stud nuts to 350 1b.
ft. torque following sequence in Figure 2-414.

=, Tighten again, in sequence, to.100 lbs. ft.

torque. Tighten finally,
175 1b. ft.

in sequence, to
When all stud nuts have been

tightened to their specified torque, the top
of the stud should be flush to three threads
above the top of the nut. After engine run
in, cylinder head stud nuts must be retor-
qued. Refer to Mack Piston Ring set pack-
age for run in procedure, and do not deviate
from it,

Figure 2 -414. Cylinder Head Stud Nut
Tightening Sequence

CYLINDER BLOCK

The cylinder block is an alloy casting with
an integral cast water manifold to distribute
coolant around the upper area of the block.
Drilled passages are incorporated for trans-
fer of coolant to the cylinder head and the
proper distribution of lubricating oil to the
various parts of the engine. The cylinders
are bored to take dry cylinder liners. The
deck area surface must be flat within 0. 0020
inch under area covered by individual head.
Excessively eroded water holes atdeck area
must be repaired. To repair these holes,
drill, tap and install bronze plug. Complete
repair by drilling a new water hole using
cylinder head gasket as template. Finish
plug off flat with deck surface. Do not mill
deck surface if piston head will protrude
more. than 0.018 inch above cylinder deck
surface. Remove all core hole plugs to re-
move rust scale and silt deposits from water
compartments., Use new O-rings and coat
with sealing compound National Machine Pro-
ducts Oil and Water Sealer, or equivalent,
when reinstalling plugs.

A machined oil pad is provided on the leit
hand side of the cylinder block. Porting in
the pad corresponds to the porting in the oil
pressure relief valve assembly.



S % Press gear and shaft assembly into bearing
fl.n_ti.l it bottoms on shoulder on shaft.
-

<

6. Invert housing and gear and install spacer.

7. Install rear bearing with seal side cutward
in housing.

8. Clamp assembly in a suitable clamping
fixture to hold gear and install water pump
drive shaft screw. Tighten to recommended
torque.

9. Install O-ring in the groove on outer
periphery of the housing.

10. Lubricate O-ring seal generously and
install drive assembly in cylinder block recess
with flat side of housing toward camshaft
gear.

NOTE

It is important to generously
lubricate O-ring seal before
installing in block. This will prevent
the O-ring from rolling on upper
surface and restricting oil supply to
the water pump bearings.

11. Install ~three . water pump housing
capscrews securing assembly in position.
Tighten to recommended torque.

TIMING GEAR COVER

Inspection

Inspect timing gear cover for dents, condition
of threaded holes and straightness of flanges.

Installation

1. Install crankshaft front oil seal into the
cover using tool J-21375.

2. Install™ the adjustable camshaft thrust
button m the inside and position the
washer ahd jam nut on the outside of the
cover. - e

3. Adjust camshaft thrust button to its
retracted position.

4. Install six guide studs. Two guide studs are
used at the lowest point, highest point and
one adjacent to the water pump drive and the
final stud adjacent to the drive provision
directly opposite the water pump drive.

5. Install the timing gear gasket over guide
studs.

6. Install the timing gear cover over the guide
studs and push cover into position.

7. Install all cover capscrews loosely.

8. Install water pump drive alignment tool
J-21382 and crankshaft oil seal alignment tool
J-21381. Torque all capscrews.

CRANKSHAFT VIBRATION DAMPER AND
HUB

Inspection

1. Inspect crankshaft vibration damper hub
for scoring, condition of flange, threaded
holes and keyway.

2. Inspect the vibration damper for general
condition, mounting threaded holes and
housing.

Installation
1. Position crankshaft keyway UP and install
key.

2. Heat crankshaft vibration damper hub in
hot oil to 250 degrees F.

3. Align crankshaft hub on key and install
hub. See Figure 45.
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Instailation
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“.1. Time auxiliarv- drive to camshaft gear.
Install both push rods in No. 6 cylinder
location. Bar engine over until movement is
felt in both push rods simultaneously and the
timing indicator pointer indicates TDC for
No. 1 and 6 cylinders. The single punch mark
on the camshaft gear will be in the upright
position.

2. Install O-ring in oil passage port at right
hand front top edge of cylinder block.

3. Apply a bead of 2435X32 gasket
compound or equivalent to mating surfaces of
the auxiliary drive housing.

4. Place auxiliary housing assembly on top of
the block carefully.

NOTE

Be sure timing gear cover gasket is
properly positioned and the single
timing mark on the camshaft gear
alignes with the single timing mark
on the auxiliary drive gear.

5. I-stall all nine capscrews and washers hand
tight.

6. Torque the two lower timing gear cover to
auxiliary housing capscrews.

7. Torque all auxiliary housing to cylinder
block capscrews.

8. Release the torque on the two timing gear
cover to auxiliary housing capscrews then
retorque the same capscrews.

NOTE

This procedure will align auxiliary
housing to front face of the
cylinder block and permit block
surface to butt fully to mating
surface of auxiliary housing.

9. Check-backlash between camshaft gear and
auxiliary¥.drive gear. If backlash is not within
limits, &osen auxiliary housing capscrews and
repositiog _housing by tapping with a soft
faced maliet. Retorque capscrews and recheck
backlash.

NOTE

Care must be taken at this time to
have all pipe plugs in the auxiliary
drive oil gallery passages. Access to
these plugs becomes increasingly
difficult at later assembly points.

VALVE LIFTER COVERS

The center valve lifter cover is a steel
stamping and requires a new gasket at
assembly. The rear valve lifter cover is cast
aluminum. At assembly apply a bead of
gasket compound 243SX32 to the cover and
cylinder block mating area.

INJECTION PUMP

“Installation

1. Bar engine over in the normal direction of
rotation until the No. 1 cylinder piston is at
TDC, as indicated by the timing indicator,
and the timing marks on the auxiliary drive
shaft gear aligns with the timing mark on the
auxiliary drive idler. The pin hole location
will be at the five o'clock position and the
coupling tangs are at 12 degrees 36 minutes
off the horizontal. See Figure 48.

2. Bar engine back approximately 40 degrees.

3. Bar engine over in the normal direction of
rotation untl timing indicator reads the
B.T.C. setting as specified on the injection
pump name plate. In this position the tangs
on the drive coupling will be approximately
horizontal and the drive coupling pin hole will
be approximately at the 4:30 o’clock
position. The gear marks will be
approximately 15 degrees 30 minutes to the
right. See Figure 50.




CYLINDER HEAD INSTALLATION
NOTE

New cylinder head gaskets and fire
rings must be installed each time
cylinder heads are removed.

1. Clean the cylinder block deck thoroughly.

2. Install new cylinder head gasket on deck.
Position of gasket is determined by guide pins
in the upper deck.

NOTE

Do not use a sealing compound or
soak cylinder head gaskets. They
are all pre-coated.

3. Install new fire ring carefully fitted over
circular bead on cylinder sleeve flange. See
Figure 55.

Figure 55. Cylinder Head Installation

4. Clean the surface of the cylinder head and
ciruclar groove for the fire ring.

5. Carefully position the cylinder head
assembly over the cylinder block deck
aligning the guide pins in the block with the
guide holes in cylinder head.

¥6. Install cylinder head on block.

1. Install fourteen cylinder head capscrews.

B. Torque capscrews on each head
progressively in steps of 50 to 100 to 173,
and finally to 225 lb. ft..in sequence as
shown. See Figure 56.

P
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Cylinder Head Nut Tightening Sequence
ENDT86S

Figure 56. Cylinder Head Tightening Sequence

PUSH RODS

Description

The push rods for the intake and exhaust
valve rocker arms are tubular steel with
spherical ends. Engines not fitted with the
Dynatard engine brake feature identical 1/2
inch O.D. x 14-1/4 inch push rods; however,
when the engine is fitted with the Dynatard
engine brake system the exhaust valve rocker
arm push rod is heavier 5/8 inch O.D. x
14-1/4 inch long.

Inspection

1. Inspect and check the push rods for length
and straightness. Replace any that are bent.

2. Inspect and check the spherical surfaces
for wear and tightness to tube.

Installation
Apply a light coat of lubricating oil to the

spherical ends and install the push rods in the
valve lifters.



‘S__ 4. Continue adjusting valve lash for the
27 Temaining cylinder pistons in firing order
<placing each cylinder piston at TDC with
respective 1/4 tumns of the engine crankshaft.

5. Properly secure aduusting screw locknut
after each cylinder piston valve lash
adjustment.

Tao _Adiust Valve ILash Hot Idle (Not
Recommended for Engines with the Dynatard
Engine Brake System)

1. Start engine and warm up to normal
operating temperature,

2. Set valve lash at hot idle (600 to 650 rpm)
inlet valve 0.015 inch, exhaust 0.024 inch.

3. Properly secure adjusting screw lock nut

after each cylinder piston valve Ilash
adjustment.

WATER OUTLET MANIFOLD

Inspection

1. Inspect
restrictions.

water outlet manifold for

2. Inspect and check mounting flanges for
cracks and straightness.

Installation

1. Place new gasket between right bank and
left bank water manifold and the mating
cylinder heads.

2. Install and tighten attaching capscrews to
the proper torque.

3. Install thermostats in the right and left
bank water manifolds.

4. Install thermostat gaskets, water outlet
fittings, thermostat seals and water outlet
by-pass elbows.

5. Secure assembly to the water manifold by
instailing the attaching capscrews.

INLET?ANIFOLD

Inspectiep -

1. Inspect and check the inlet manifolds for
restrictions.

2. Inspect and check mounting flanges for
erosion, cracks and straightness.

Installation

1. Place new gaskets between the inlet
manifold and cylinder head.

2. Install right and left hand inlet manifolds
and lifting eyes. Secure to cylinder head by
installing attaching capscrews and tighten to
the recommended torque.

3. Place a new inlet manifold fitting gasket
on the top of each inlet manifold and install
inlet manifold inlet fitting.

4, Install tee fitting and complete inlet
manifold assembly.

EXHAUST MANIFOLD
Inspection

1. Inspect and check the exhaust manifold
for restrictions.

2. Inspect and check the mounting flanges
for erosion, cracks and straightness.

Installation

1. Place new gaskets between exhaust

manifold and ¢ylinder head.

2. Install and tighten the attaching capscrews
and washers to the proper torque.
CYLINDER HEAD COVERS

Inspection

1. Inspect and check the cvlinder head covers

for cleanliness, dents and straightness of
flange.



4. Inspect oil supply line for restriction,
deteriozation or possibility of leaking under
press Be sure check valve is working
properiy,and not restricteg.

’{ 6. Check turbine wheel for radial and axial
& looseness. If radial and/or axial looseness is
Z excessive, the turbocharger will have to be

<=removed . {ar overhaul. If turbocharger has to

‘g -l.-j

be overhauled, consult your Mack Branch or
Distributor for details on turbocharger
exchange program.

Cleaning

The compressor end of the turbocharger
should be cleaned after 1000 to 2000 hours
of operation. If the compressor wheel is not

too dirty, it can be cleaned with the
turbocharger on the engine.
Disconnect compressor discharge flange;

remove the capscrews or clamp ring that holds
the compressor housing to the bearing
housing, and pull compressor housing
carefully along turbocharger axis to prevent
damage to the compressor wheel or the
diffuser.

Use Bendix Metal Cleaner or equivalent
solvent to clean compressor wheel. Do not use
a caustic solution or any other type that may
attack aluminum, as this will either weaken
the impeller or destroy its balance. Do not use
a wire brush or scraper; a brush with nylon or
hog bristles is preferred.

If compressor wheel is found to be very dirty,
remove turbocharger from the engine for
cleaning. With compressor housing removed,
immerse compressor wheel into the cleaning
fluid and allow to soak. Use care not to rest
weight of turbocharger on compressor wheel
or on end of shaft.

The turbine end of turbocharger can be
cleaned only after removal from the engine
and separation of the bearing housing from
the turbine housing.

Installation Guide

Use the following steps as a guide when
installing turbocharger to engine.

1. Inspect air intake system for cleanliness,
leakage and foreign material.

2. Inspect exhaust manifold for foreign
material.

3. Inspect oil drain line to be sure it is not
clogged or restricted.

5. Inspect turbocharger mounting pad on
exhaust manifold for erosion, flatness and to
be sure old gasket is removed.

6. Place new gasket on exhaust manifold,
position turbocharger and install attaching
bolts.

7. Connect oil inlet line and oil drain line to
turbocharger.

8. Connect compressor inlet and outlet
piping. Check to be sure all clamps and boits
are tight. Be sure piping is not producing
strain on compressor cover.

9. Crank engine, without firing, until a steady
flow of oil is noted coming from the oil drain
outlet of the turbocharger.

10. Stop cranking engine and connect oil
drain line to engine. Be sure drain line slopes
downward throughout its length with no
sharp bends or kinks.

ENGINE BREAK-IN PROCEDURE AFTER
OVERHAUL OR REBUILD

Comparative tests and careful review of
engine break-in mehtods have proven that a
short run under full load is substantially more
effective than the light or no load slow speed
increase type of break-in. Compatibility
between the critical components (piston, rings
and bores) is greatly improved by raising
engine speed and applying full load
immediately after warm-up.

Use the recommended type and grade engine
oil and fuel as required for usual operation of
the vehicle.

Immediately prior to initial starting of the
engine, the fuel system, oil galleries and filters
are to be primed preferably by means of 2
pressure tank.

Check the air intake system to be sure all
joints are tight and the filter element and
system are clean.

—l -
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Figure 45. Vibration Damper and Hub
Arrangement

4. Install hub washer and retaining screws.
Torque screws.

5. Install vibration damper, spacer and timing
disc on crankshaft hub; the holes will only
line up one way.

6. Install '
assembly,

retaining  capscrews securing

NOTE

When all parts are assembled on the
crankshaft, keyway up, the scribe
mark on the damper rim must be
up. The TDC mark must align with
the timing indicator 30 degrees to
the left of the engine centerline.

OIL PAN
Inspection

1. Inspect oil pan for dents, cracks and
condition of flange.

g__Inspect and check the bolt holes for
gongam'on and baffle for security.

®-Inspect and check drain hole for condition .

of threads.
Installation

1. Position gasket on oil pan and position oil
pan on cylinder block.

2. Install and tighten oil pan retaining
capscrews evenly to prevent oil leakage.

AUXILIARY DRIVE ASSEMBLY
Description

The auxiliary drive is a complete unit
sub-assembly located between the cylinder
heads on the front of the engine. The
auxiliary drive consists of a drive housing,
idler shaft and gear assembly and drive shaft. It
is gear driven from the camshaft. See Figure 46.
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Figure 46. Auxiliary Drive Assembly

DRIVE HOUSING

Description

The auxiliary drive housing is an alloy casting
and supports the drives for the injection
pump, air compressor, tachometer drive and
hydraulic steering pump.
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1. Time auxiliary drive to camshaft gear.
Install both push rods in No. 6 cylinder
location. Bar engine over until movement is
felt in both push rods simultaneously and the
timing indicator pointer indicates TDC for
No. 1 and 6 cylinders. The single punch mark
on the camshaft gear will be in the upright
position.

2. Install O-ring in oil passage port at right
hand front top edge of cylinder block.

3. Apply a bead of 243SX32 gasket
compound or equivalent to mating surfaces of
the auxiliary drive housing. '

4. Place auxiliary housing assembly on top of
the block carefully.

NOTE

Be sure timing gear cover gasket is
properly positioned and the single
timing mark on the camshaft gear
alignes with the single timing mark
on the auxiliary drive gear.

5. Install all nine capscrews and washers hand

tight.

6. Torque the two lower timing gear cover to
auxiliary housing capscréws.

7. Torque all auxiliary housing to cylinder
block capscrews.

8. Release the torque on the two timing gear
cover to auxiliary housing capscrews then
retorque the same capscrews.

NOTE

This procedure will align auxiliary
housing to front face of the
cylinder block and permit block
surface to butt fully to mating
surface of auxiliary housing.

9. Check Macklash between camshaft gear and
auxiliary drive gear. If backlash is not within
limits, looggn auxiliary housing capscrews and
reposition housing by tapping with a soft
faced mallet. Retorque capscrews and recheck
backlash.

NOTE

Care must be taken at this time to
have all pipe plugs in the auxiliary
drive oil gallery passages. Access to
these plugs becomes increasingly
difficult at later assembly points.

VALVE LIFTER COVERS

The center valve lifter cover is a steel
stamping and requires a new gasket at
assembly. The rear valve lifter cover is cast
aluminum. At assembly apply a bead of
gasket compound 243SX32 to the cover and
cylinder block mating area.

INJECTION PUNMNP

Installation

1. Bar engine over in the normal direction of
rotation until the No. 1 cylinder piston is at
TDC, as indicated by the timing indicator,
and the timing marks on the auxiliary drive
shaft gear aligns with the timing mark on the
auxiliary drive idler. The pin hole location
will be at the five o'clock position and the
coupling tangs are at 12 degrees 36 minutes
off the horizontal. See Figure 48.

2. Bar engine back approximately 40 degrees.

3. Bar engine over in the normal direction of
rotation until timing indicator reads the
B.T.C. setting as specified on the injection
pump name plate. In this position the tangs
on the drive coupling will be approximately
horizontal and the drive coupling pin hole will
be approximately at the 4:30 o’clock
position. The  gear marks will be
approximately 15 degrees 30 minutes to the
right. See Figure 50.




CYLINDER HEAD INSTALLATION
NOTE
- New cylinder head gaskets and fire
rings must be installed each time
cylinder heads are removed.

1. Clean the cylinder block deck thoroughly.

2. Install new cylinder head gasket on deck.
Position of gasket is determined by guide pins

‘in the upper deck.

NOTE

Do not use a sealing compound or
soak cylinder head gaskets. They
are all pre-coated. -

3. Install new fire ring carefully fitted over
circular bead on cylinder sleeve flange. See
Figure 55.

Figure 55. Cylinder Head Installation

4. Clean the surface of the cylinder head and
ciruclar groove for the fire ring.

5. Carefully position the cylinder head
assembly over the cylinder block deck
aligning the guide pins in the block with the
guide holes in cylinder head.

6. Install cylinder head on block.
‘

.{7. Install fourteen cylinder head capscrews.
o - . - .
8. Torque capscrews on each head
progressively in steps of 50 to 100 to 173,
and finally to 2235 lb. ft. in sequence as
shown. See Figure 36.

Cylinder Head Nut Tightening Sequence

Figure 56. Cylinder Head Tightening Sequence

PUSH RODS
Description

The push rods for the intake and exhaust
valve rocker arms are’ tubular steel with
spherical ends. Engines not fitted with the
Dynatard engine brake feature identical 1/2
inch O.D. x 14-1/4 inch push rods; however,
when the engine is fitted with the Dynatard
engine brake system the exhaust valve rocker
arm push rod is heavier 5/8 inch O.D. x
14-1/4 inch long.

[nspection

1. Inspect and check the push rods for length
and straightness. Replace any that are bent.

2. Inspect and check the spherical surfaces
for wear and tightness to tube.

Installation
Apply a light coat of lubricating oil to the
spherical ends and install the push rods in the

valve lifters.

n _4Q



“E g. Continue adjusting valve lash for the
F remaining cylinder pistons in firing order
% placing each cylinder piston at TDC with

<respective 1/4 tums of the engine crankshaft.

INLET @'ANIFOLD

Insgectign
=,

wl

5. Properly secure aduusting screw locknut
after each cylinder piston valve lash
adjustment.

To Adjust Valve Lash Hot Idle (Not
Recommended for Engines with the Dynatard
Engine Brake System)

1. Start engine and warm up to normal
operating temperature. '

2. Set valve lash at hot idle (600 to 650 rpm)
inlet valve 0.015 inch, exhaust 0.024 inch.

3. Prdperly secure adjusting screw lock nut
after each cylinder . piston valve lash
adjustment.

WATER OUTLET MANIFOLD

Insgection

1. Inspect water outlet manifold for
restrictions.

2. Inspect and check mounting flanges for
cracks and straightness.

Installation

1. Place new gasket between right bank and
left bank water manifold and the mating
cylinder heads.

2. Install and tighten attaching capscrews to
the proper torque.

3. Install thermostats in the right and left
bank water manifolds.

4. Install thermostat gaskets, water outlet
fittings, thermostat seals and water outlet
by-pass elbows.

5. Secure assembly to the water manifold by
installing the attaching capscrews.

1. Inspect and check the inlet manifolds for
restrictions.

2. Inspect and check mounting flanges for
erosion, cracks and straightness.

Installation

1. Place new gaskets between the inlet
manifold and cylinder head.

2. Install right and left hand inlet manifolds
and lifting eyes. Secure to cylinder head by
installing attaching capscrews and tighten to
the recommended torque.

3. Place a new inlet manifold fitting gasket
on the top of each inlet manifold and install
inlet manifold inlet fitting.

4. Install tee fitting and complete inlet
manifold assembly.

EXHAUST MANIFOLD
Inspecti:n

1. Inspect and check the exhaust manifold
for restrictions.

2. Inspect and check the mounting flanges
for erosion, cracks and straightness.

Installation

1. Place new gaskets between exhaust
manifold and cylinder head.

2. Install and tighten the attaching capscrews
and washers to the proper torque.
CYLINDER HEAD COVERS

Inspection

1. Inspect and check the cylinder head covers

for cleanliness, dents and straightness of
flange.
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-6. Check turbine wheel for radial and axial
looseness. If radial and/or axial looseness is
“excessive, the turbocharger will have to be
removed for overhaul. If turbocharger has to
be overhauled, consult your Mack Branch or
Distributor for details on turbocharger

exchange program.

Cleaning

The compressor end of the turbocharger
should be cleaned after 1000 to 2000 hours
of operation. If the compressor wheel is not

too dirty, it can be cleaned with the
turbocharger on the engine.
Disconnect compressor discharge flange;

remove the capscrews or clamp ring that holds
the compressor housing
housing, and pull compressor housing
carefully along turbocharger axis to prevent
damage to the compressor wheel or the
diffuser.

Use Bendix Metal Cleaner or equivalent
solvent to clean compressor wheel. Do not use
a caustic solution or any other type that may
attack aluminum, as this will either weaken

the impeller or destroy its balance. Do not use-

a wire brush or scraper; a brush with nylon or
hog bristles is preferred.

If compressor wheel is found to be very dirty,
remove turbocharger from the engine for
cleaning. With compressor housing removed,
‘mmerse compressor vheel into the cleaning
fluid and allow to soak. Use care not to rest
weight of turbocharger on compressor wheel
or on end of shaft.

The twbine end of turbocharger can be
cleaned only after removal from the engine
and separation of the bearing housing from
the turbine housing.

Installation Guide

Use the following steps as a guide when
installing turbocharger to engine.

1. Inspect air intake system for cleanliness,
leakage and foreign material.

2. Inspect exhaust manifold for foreign
material.

3. Inspect oil drain line to be sure it is not
clogged or restricted.

to the bearing .

4. Inspect oil supply line for restriction,

deteridration or possibility of leaking under
press Be sure check valve is working
properi¥,and not restricted. -

5. Inspect turbocharger mounting pad on
exhaust manifold for erosion, flatness and to
be sure old gasket is removed.

6. Place new gasket on exhaust manifold,
position turbocharger and install attaching
bolts.

7. Connect oil inlet line and oil drain line to
turbocharger.

8. Connect compressor inlet and outlet
piping. Check to be sure all clamps and bolts
are tight. Be sure piping is not producing
strain on compressor cover.

9. Crank engine, without firing, until a steady
flow of oil is noted coming from the oil drain
outlet of the turbocharger.

10. Stop cranking engine and connect oil
drain line to engine. Be sure drain line slopes
downward throughout its length with no
sharp bends or kinks.

ENGINE BREAK-IN PROCEDURE AFTER
OVERHAUL OR REBUILD

Comparative tests and careful review of
engine break-in mehtods have proven that a
short run under full load is substantially more
effective than the light or no load slow speed
increase type of break-in. Compatibility
between the critical components (piston, rings
and bores) is greatly improved by raising
engine speed and applying full load
immediately after warm-up. ’

Use the recommended type and grade engine
oil and fuel as required for usual operation of

the vehicle.

Immediately prior to initial starting of the
engine, the fuel system, oil galleries and filters
are to be primed preferably by means of a
pressure tank.

Check the air intake system to be sure all
joints are tight and the filter element and
system are clean.




